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@ Schlumberger Recording Cameras and instru- 
ments are designed to record several curves at 
one time and two films simultaneously. Thus, 
the necessary curves can usually be obtained on 
one trip in the hole with substantial savings in 


rig time and greater safety to crews and well 





bore investment. When you call Schlumberger, 


you get the best! 
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GUEST EDITORIAL 


by 


J. E. Brantiy, Member AIME 


President, Drilling & Exploration Company 


A SUGGESTED 


NATIONAL OIL POLICY 


For the welfere and secuvity of the nation as a whole, there 
must be an overproduction of all critical commodities, or at 
least there must be the capacity to overproduce. This is true 
of foodstuffs, fuels, metals, machinery, electric power and 
transportation, to mention some basic commodities and serv- 
ices. Critical items underproduced in this country must be 
purchased abroad for current needs and reserve stockpiles. 
The National Security Resources Board is charged with this 


duty. 


On the other hand, where there is actual overproduction of 
a commodity, the price structure becomes such that basic pro- 
duction facilities may become so injured that the capacity to 
overproduce, and the incentive to maintain ability to overpro- 
duce, are dangerously impaired. 

This is recognized by the people of the country generally 
and by the government in its support of farm prices. This 
support goes beyond the basic principle of assuring the farmer 
a good price for his crops. It assures the nation that the farmer 
will maintain a readiness to provide the requirements of the 
people during periods of poor crop years caused by natural 
forces and during periods of war. His plant can be held in 
physical readiness to produce more crops when the demand 
and the prices he receives enable him to do so. Also, he can 
hold himself in mental readiness to serve. Were it possible 
for the farmer to know exactly how much wheat or corn he 
could grow in 1950, and what the market demand would be, the 
quantity required could be produced and the prices would be 
controlled entirely by supply and demand. But he cannot 
know these things and therefore he must plant acreage suffi- 
cient for a poor crop year, thereby risking overproduction if 


he has a good crop year. 


Co \L, copper, “ead, zinc, iron and such metals can be pro- 
duced in the required amounts with sufficient ore blocked out 
and adequate plants operating on some minimum man-hour 
work period. Production can be increased by increasing the 
hours of work in the day or days in the month. Non-perishable 
commodities that are not and cannot be produced in the re- 
quired amounts in this country must be imported for current 


needs and stockpiled for emergencies. 


September, 1949 


Le 


JOURNAL OF PETROLEUM TECHNOLOGY 





It cannot be said that oil is the most important of the 
natural resources in use in this country today, for without 
some of the others we would have no need for oil. We may 
say that, assuming adequate quantities and producing capac- 
ities for the others, oil is entirely essential to our present 
economy and culture and necessary to the defense of the 
hation. 

In a way petroleum is like farm produce in that it is im- 
possible to know at the beginning of the year what the crop 
of new oil fields will be for that year. Search for new reserves 
is as sensitive to the price of crude oil as the planting of a 
given crop is sensitive to the price of that crop. Likewise sur- 
pluses are readily consumed during the years of poor crops 
of new reserves. 

Oil cannot be stock-piled readily, though depleted oil fields 
and old mines have been considered for the purpose. There- 
fore, a sufficient reserve of oil, for use when emergency or 
increased consumptions requires it, can only be stock-piled 
by being held in the ground in the form of crude oil available 
in excess of that produced within the MER, in those fields 
which are capable of producing at a rate greater than MER. 


Proper regulations and implementing machinery may be 
set to enable the industry to maintain, insofar as possible, an 
excess of oil available for production within the MER. The 
amount held in the reservoir may be determined by the regu- 
latory bodies in the form of a percentage of MER. For in- 
stance, should it be determined that 20 per cent is the appro- 
priate amount to be held back, then production would be 
limited to 80 per cent of MER. The estimated figure should 
doubtless be set by the Department of Defense in conjunction 
with the Department of Interior and the National Petroleum 
Council. 

There must of necessity be some price incentive to justify 
the search for new reserves and to justify the development of 
oil fields within which a substantial part of the producible oil 
within the MER would be closed in. Likewise the importation 
of oil would be necessary until such time that the producing 
capacity of the proven oil reserves in the ground have been 
developed. 

Thus would the protection of our domestic industry and the 


conservation of our national oil resources be served. * * * 
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THE ALAMO 


THE ALAMO — A historical Spanish mission known as the “Shrine 
of Texas Liberty”, established in 1718 to Christianize the Indians. 
In 1836, 200 Texas patriots were killed in it during a heroic battle 
for Texas independence. Contains many relics and documents of 
Texas history. Downtown and definitely worth visiting. 


SPANISH GOVERNOR’S PALACE — In 1749 was used as an office 
and residence by the Royal Spanish Governors of Texas. Patio con- 
tains a wishing well. Downtown. 


MISSION SAN JOSE — One of four Franciscan Missions located on 
San Antonio River, south of city. About 200 years ago each mission 
was the center of a community. San Jose is “Queen of the Missions”. 
See on Grey Line bus tour. 


SAN ANTONIO RIVER — One of San Antonio’s great charms, flow- 
ing through the heart of business district. It is bordered by tropical 
plants, colored lights at night, and has a theater on its banks. Take 
a boat ride or walk along the river. 


BUCKHORN CURIO SHOP — An old saloon, now containing thou- 
sands of deer horns and animal trophies. Has a mounted Texas 
longhorn with eight-foot horns, and a 78-point deer head. Downtown. 


* The title of a book by Green Peyton 


MISSION SAN JOSE 


SPANISH GOVERNOR’S PALACE 


San Antonio, City In The Sun* 


First established in 1718, it is steeped in Spanish history and has several places 
which should be seen in a visit to the city. Some are pictured and explained here. 


BRACKENRIDGE PARK { recreational area of 320 acres of vir- 
gin woodland on the north side of the city containing sunken tropical 
gardens, museums and an outstanding zoo. A well-known park 
Inquire locally for tours 


LA VILLITA (Little Town 4 cluster of old adobe buildings, in 
the heart of the downtown district. which constituted the first  per- 
manent settlement in the vicinity 


GENERAL Meropolitan San Antonio has a population of about 
380,000, an altitude of 700 feet, and an average winter temperature of 
59°, summer 78°. It is a modern, progressive city with a strong flavor 
of Spanish life and history. Life moves a bit more slowly there, and 
most residents like it. 


San Antonio is an old Army town. It has been a strong military 
base almost constantly during the past two hundred years, and within 
the past 15 years has been a focal point in U. S. military operations. 
As the home of Fort Sam Houston, largest U. S. post, Brooke Army 
Medical Center, Randolph, Kelly, Brooks and Lackland Air Force 
Fields, it has a large concentration of soldiers in its metropolitan 
population. Their uniforms mix with the Spanish flavor and historic 
buildings to form a city that is enjoyable to visit. 


SAN ANTONIO RIVER 





























9:1 








| vir- 


pical 
park 


s, in 
per- 


bout 
re of 
avor 
and 


itary 
thin 
ions. 
rmy 
orce 
litan 
oric 

























PROGRAM 


Petroleum Branch Fall Meeting 


Plaza Hotel, San Antonio, Texas 
October 5-6-7, 1949 


Technical paper abstracts not appearing here, except for paper No. 8, 


were carried in the August issue of the JOURNAL. 


Tuesday — October 4 


7:00 p.m. to 9:30 p.m. — Advance registration and sale of 
tickets, Lobby and Mezzanine. 


Registration fees: Members $2; Non-Members $5; Students, 
complimentary. 


Wednesday — October 5 


8:00 a.m. to 4:30 p.m. — Registration and sale of tickets, Lobby 
and Mezzanine. 


9:15 a.m. to 12 m. — Technical Session — Mezzanine Ballroom. 


DRILLING — CEMENTING — PUMPING 


Presiding: RAOUL BETHANCOURT and PAUL TURNBULL 


Opening Remarks: L. E. ELKINS, Chairman, Petroleum Branch 


1. 


Ability of Drilling Muds to Lift Bit Cuttings, by H. N. 
Hatt, Tulsa; Howarp THompson, Houston, and Frank 
Nuss, Fort Worth; Stanolind Oil & Gas Co. 


. Improved Casing Cementing Practices in the United 


States, by Witt1aAm D. Owstey, Halliburton Oil Well 
Cementing Co., Duncan, Okla. 


. Squeeze Cementing Operations, by Georce Howarp and 


C. R. Fast, Stanolind Oil & Gas Co., Tulsa. 


. Dynamometer Charts and Well Weighing, by Leo Face, 


Johnson-Fagg Engineering Co., Tulsa. 


9:30 a.m. to 12 m. — Technical Session, Roof Garden Ball Room. 


wl 
: 


i.) 


~_ 
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NATURAL GAS TECHNOLOGY 


Presiding: BENJAMIN C. CRAFT and JOHN MURRELL 


Opening Remarks: LLOYD ELKINS 


Performance Characteristics of a Volumetric Conden- 
sate Reservoir, by F. H. ALLEN, Casper, Wyo., and R. P. 
Roe, Tulsa; Stanolind Oil & Gas Co. 


. Cycling Operations in the La Gloria Field, by Witt1AM 


Justice, La Gloria Corp., Corpus Christi. 


Determination of Friction Factors for Measuring Pro- 
ductivity of Gas Wells, by R. V. Smitn, U. S. Bureau 
of Mines, Bartlesville, Okla. 


A Correlation of Data on the Moisture Content of Low 
Nitrogen Content Natural Gases, by E. L. McCartuy 
and J. A. Porter, Black, Sivalls & Bryson, Inc., Kansas 
City, Mo.; W. L. Boyp, University of Oklahoma, and 
L. S. Rew, Prof. of Chem. Eng., University of 
Oklahoma. 








9. 


2:00 p.m. 


Experimental Determination of Vapor-Liquid Equi- 
libria of the System, Natural Gas-Water-Triethylene 
Glycol, by J. A. Porter, Black, Sivalls & Bryson, Inc., 
and L. S. Rem, Prof. of Chem. Eng., University of 
Oklahoma. 


to 4:30 p.m.—Technical Session, Mezzanine Ball Room. 


FLOODING — CYCLING — RESERVOIR ENGINEERING 


10. 


11. 


— 
tnt 


3:00 p.m. 


2:00 p.m. 
Executi 


5:00 p.m. 


Presiding R. C. GRANBERRY and LINCOLN ELKINS 


Applications of the Telefloodmeter to Water Flooding, 
by QuENTIN B. Mars, Sperry-Sun Well Surveying Co., 
Crossville, Ill. 


Primary Pressure Maintenance with W ater Injection in 
the New Hope Field, Franklin County, Texas, by A. S. 
Truse, Jr., Tide Water Associated Oil Co., Houston, 
and Sam N. DeWirt, Seaboard Oil Co., Dallas. 


. Current Problems in Cycling Operations, by RALPH 


Hock and Aton J. Carrot, Cotton Valley Operators 
Committee, Cotton Valley, La. 


. Estimation of Permeability and Reservoir Pressure 


from Bottom Hole Pressure Build-Up Characteristics, 
by C. C. Mitter, C. A. Hutcuinson, Jr., and ALvin 
B. Dyes, The Atlantic Refining Co., Dallas. 

— Tea for Ladies at home of Mrs. Wm. H. Spice, Jr. 


to 4:30 p.m. — Open Meeting, Petroleum Branch 
ve Committee, Roof Garden Ball Room. 


to 7:30 p.m. — Cocktail Party and Open House, Petty 


Geophysical Co. 


Thursday — October 6 


8:30 a.m. 
Room. 


to 12:00 m. — Technical Session, Roof Garden Ball 


RESERVOIR PERFORMANCE — WELL SPACING 


Pres 
14. 


15. 


16. 


JOURNAL OF PETROLEUM TECHNOLOGY 


iding: HAROLD DECKER and CHARLES B. CARPENTER 
Reservoir Performance — First Grubb Pool, San Mi- 
guelito Field, by Wayne GLENN, Continental Oil Co., 
Los Angeles, Calif. 

Lost Reserves, by C. W. Tomitnson, Consulting Geol- 
ogist, Ardmore, Okla. 

Critical Analysis of the Effect of Well Density on 
Recovery Efficiency, by W. O. Ketter and F. H. Catra- 
wAy, Stanolind Oil & Gas Co., Tulsa. 


SECTION .1 












Thursday, October 6, Continued 


8:30 a.m. to 11:00 a.m. — Technical Session, Mezzanine Ball 
Room. 


PHOTOGRAMMETRY — OFFSHORE OPERATION 
Presiding: 1. W. ALCORN and WM. H. SPICE, JR. 


17. Aerial Photogrammetry as Applied to the Petroleum 
Industry, by Lours Woopwarp, Jack Amman, Photo- 


grammetric Engineers, San Antonio. 


18. Wave Forces Computed for an Offshore Drilling Site, 
by Paut L. Horrer, Scripps Institution of Oceanogra- 
phy, La Jolla, Calif. 

19. Installation of Offshore Pipelines, by H. E. DENZLER, 
James West, and J. W. Scorr, The California Co., New 
Orleans. 


12 Noon — General Luncheon, Mezzanine Ballroom. 
Toastmaster: LLOYD E. ELKINS 


Introduction of Officers and Committees 
Address, “Management’s Challenge,” by L. F. McCotium, 
President, Continental Oil Company 


12 Noon — Ladies’ Luncheon, Colonial Room, Menger Hotel. 
Style Show by Joske’s. 
2:00 p.m. to 5:00 p.m. — General Session, Roof Garden Ball 
Room. 
Presiding: C. V. MILLIKAN and HERBERT F. BEARDMORE 


Address by L. E. Younc, President, AIME. 

Address on Synthetic Fuels, by A. L. Sottipay, Execu- 
tive Vice-President, Stanolind Oil & Gas Co. 

Address on Legal Aspects of Tideland, by Cart Ixtic, 
Humble Oil & Refining Co. 


6:00 p.m. to 1:00 a.m. — Petroleum Branch Cocktail Party and 
Dinner Dance, Club Seven Oaks. 


Friday — October 7 


8:30 a.m. to 12:00 m. — Technical Session, Mezzanine Ball Room. 


WELL LOGGING 


Presiding: STUART E. BUCKLEY and GAIL MOULTON 

20. Relation between Electrical Resistivity and Brine 
Saturation in Rocks, by H. F. Dunvap, H. L. Birnartz, 
Exxtis SHuter and C. R. Bamey, The Atlantic Refin- 
ing Co., Dallas. 

21. Selective S. P. Logging, by Henri G. Doi, Schlumber- 
ger Well Surveying Corp., Ridgefield, Conn. 

22. The Presence of Conductive Solids in Reservoir Rocks 
as a Factor in Electric Log Interpretation, by H. W. 
PatnopeE and M. R. J. Wy wie, Gulf Research and De- 
velopment Co., Pittsburgh. 

23. Estimate of Interstitial Water from Electric Logs, by 
Mitton Wittiams, Humble Oil & Refining Co., 
Houston. 

24. Some Preliminary Investigations of Quantitative Inter- 
‘pretations of Radioactivity Logs, by Rost. E. Busn, 
Lane-Wells Co., Alice, Texas, and E. S. Marpock, Well 
Surveys, Inc., Tulsa. 
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8:30 a.m. to 12:00 m. — Technical Session, Root Garden Ball 
Room. 


PHASE RELATIONSHIP 
Presiding: OWEN THORNTON and ELDON DUNLAP 


25. Co-existence of Liquid and Vapor Phases at Pressures 
Above 10,000 Pounds per Square Inch, by MicHaAet 
Rzasa, Stanolind Oil & Gas Co., Tulsa, and DonAtp_L. 
Karz, Prof. of Chem. Eng., University of Michigan. 


26. The Solubility of Carbon Dioxide in Water Both With- 
out and in the Presence of Porous Media, by V. Frep 
Tuomas, U. S. Army Ordnance Dept., Springfield, 
Mass., and R. L. Huntineton, Prof. of Chem. Eng., 
University of Oklahoma. 


27. An Electrical Computer for Solving Phase Equilibrium 
Calculations, by Morris Muskat and J. M. McDoweE Lt, 
Gulf Research and Dev. Co., Pittsburgh. 


28. An Electronic Analog Computer for Solving the Flash 
Vaporization Equilibrium Equation, by F. W. Buss, 
Washington University, St. Louis; Rost. G. Nise and 
Paut G. Carpenter, Phillips Petroleum Co., Bartles- 
ville, Okla. 


1:30 p.m. to 5:00 p.m. — Technical Session, Roof Garden Ball 
Room. 


FLUID FLOW RESEARCH 
Presiding: MORRIS MUSKAT and DON HARLAN 


29. Liquid-liquid Displacement in a Porous Medium as 
Affected by Liquid-liquid Viscosity Ratio and Misci- 
bility, by J. P. Everett, F. W. Goocn, Jr., and Joun C. 
CatHoun, Jr., Dept. of Petroleum Engineering, Uni- 
versity of Oklahoma. 


30. Improvements in the X-Ray Saturation Technique of 
Studying Fluid Flow, by F. Morcan, J. M. McDowets, 
and E. C. Dory, Gulf Research and Dev. Co., Pitts- 
burgh. 


31. Vaporization in Porous Media Due to Velocity Dif- 
ferences, by CHAr.es E. Guturir, FLoyp W. Preston, 
and Donatp L. Katz, University of Michigan. 


32. Permeability Measurements of Core Samples Under 
Compressive Stresses, by C. E. Francis and P. P. 
ReIcHER1TZ, Magnolia Petroleum Co., Dallas. 


33. Relative Permeability to Gas, by W. J. Leas, L. H. 
JenKS, and Cuas, D. Russet, Carter Oil Co., Tulsa. 


1:30 p.m. to 5:00 p.m. — Technical Session, Mezzanine Ball 
Room. 


CORE ANALYSIS 
Presiding: THOMAS C. FRICK and JACK SHEPHERD 


34. Analysis of Fractured Limestone Cores, by F. C. Ket- 
ton, Core Laboratories, Inc., Dallas. 


35. Effective Liquid Porosity of Mid-Continent Oil Sands, 
by R.C. Eartoucuer and J. M. Rosinson, Earlougher 
Engineering Co., Tulsa. 


36. Pore Size Distribution of Petroleum Reservoir Rocks, 
by N. T. Burpine, Luke S. Gournay, and P. P. Reicu- 
ERTZ,, Magnolia Petroleum Co., Field Research Labora- 
tories,i Dallas. 


37. Attainment of Connate Water in Long Cores by Dy- 
namic Displacement, by R. L. Stospop, The Atlantic 
Refining Co., Dallas. x Kk * 
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HAROLD DECKER 

Pan American Production 

and Gas Companies 

General Chairman for Meeting 


SAN ANTONIO 
MEETING CHAIRMEN 


The planning and organization of 
the Branch Meeting to be held in San 
Antonio October 5 to 7 has been in 
the capable hands of those shown on 
this page. Their work, as chairmen of 
the committees shown, is resulting 
in the promise of a highly successful 


meeting. 





RAOUL J. BETHANCOURT 
Sun Oil Co. 
Chairman Southwest Texas Section 

















CHARLES H. SNELSON 
Seaboard Oil Co. 

Vice Ch. S. W. Texas Section 
Finance 





W. H. SPICE, JR. 
Consultant 
Registration 





MRS. W. H. SPICE, JR. 
Ladies Activities 





R. C. GRANBERRY 
Humble Oil and Ref. Co. 
Sec., S. W. Texas Section 





W. HARRY ROSSER 
Continental Oil Co. 
Post Convention Tours 





THOMAS S. WEST 

Al Buchanan and Blanco 
Oil Co. 

Hospitality 





R. K. GUTHRIE 

Seeligson Engineering 
Committee 

Hotels 





Ww. W. HAMMOND 
Fair - Woodward 
Arrangements 





HARRY VAUGHAN 
Lane-Wells Co. 
Entertainment 




















LOS ANGELES 
MEETING CHAIRMEN 


The five members here are due cred- 
it for the development of the Los 
Angeles meeting. Each has performed 
an important function by heading the 


activity shown. 





JOHN H. THACHER PAUL ANDREWS 
Standard Oil Co. of Calif. Signal Oil & Gas Co. 
General Chairman for Meeting Chairman Pacific Petroleum Chapter 





H. J. STROUD FRANK S. PARKER RAY HANCOCK 
Signal Oil & Gas Co. Signal Oil & Gas Co. Lane-Wells Co. 
Arrangements Publicity Exhibits 


PRODUCTION TECHNOLOGY COMMITTEE 


This committee has been responsible for the development of the programs for both 
the San Antonio and the Los Angeles meetings. Chairman John E. Sherborne has gener- 
ally directed the activities of the committee, with specific attention to the Los Angeles 
program. Vice-Chairmen Paul Turnbull, Morris Muskat and Lincoln Elkins have worked 
together to develop the San Antonio program, with Turnbull acting as coordinator. 





Fy): See : . ‘a 
JOHN E.SHERBORNE . PAUL TURNBULL MORRIS MUSKAT LINCOLN ELKINS 
Union Oil Co. of Calif. La Gloria Corp. Gulf Research & Dev. Co. Sohio Pet. Corp. 
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CONTINENTAL CHIEF TO SPEAK AT SAN ANTONIO 
THURSDAY LUNCHEON 


McCollum’s talk will deal with the increasing range 
of management responsibilities in American business. 
Our immediate problem is to convince the general 
public of our desire to serve the general interest. We 
are striving to develop technically skilled men into 
business leaders and administrators able to meet the 
complex problems of the human side of business. 

Progressive management recognizes that the best 
interests of private ownership of business requires 
management to give thorough consideration to the 
interests of employees, consumers, and the general 
public. Management’s challenge is to develop the 
skills which will integrate the common interests of 
these groups and to take a position of leadership in 
meeting the pressing problems of the day. 


Born in 1902 at Bradford, 
Tennessee, L. F. McCollum 
attended the Univ. of Texas, 
graduating in 1925 with a 
B.A. degree in petroleum 
geology. He then joined the 
Humble Oil and Ref. Co., and 
served as a scout and geolo- 
gist. In 1934, McCollum was 
assigned to the Carter Oil 
Co., as chief geologist and 
manager of exploration. He 
was later elected president of 
Carter. After several years 
as production coordinator for 
Standard Oil Co. (New Jer- 
sey), McCollum became presi- 
dent of Continental Oil Co. in 





1947. L. F. McCollum, Member AIM] 


San Antonio Abstracts and Authors 


5 
PERFORMANCE CHARACTERISTICS OF A 
VOLUMETRIC CONDENSATE RESERVOIR 


F. H. ALLEN and R. P. Ror, Members AIME. 
Stanolind Oil and Gas Co. 
ABSTRACT 


The performance history of a volumetric gas condensate 
reservoir is presented. Curves depict the pressure-production 
relation and illustrate the phase behavior of the reservoir 
fluid. This performance is compared to calculated perform- 
ance. 

This Bacon Lime Reservoir was discovered in 1941 and 
has been produced to field separators and gas sales. Reser- 
voir performance has been observed by periodic bottom- 
hole pressure surveys and companion sample analysis of 
well effluents, in addition to gas and condensate production 
data. 

The pressure-production history demonstrates the volu- 
metric control with some possible production contribution 
from “tight” rock. The “retrograde” behavior of the reservoir 
fluid is illustrated by decreasing pentanes-plus content of 
the well effluent, followed be revaporization as the reservoir 
pressure approaches abandonment. Calculated performance 
predictions are compared to actual performance and some 
discussion offered on apparent discrepancies. 


F. H. ALLEN 


F. H. Allen was first employed by 
The Stanolind Oil and Gas Co. as a 
roustabout in the East Texas field in 
1940. His undergraduate training was 
at the Univ. of Toronto where he re- 
ceived the B.A. Se. degree in chemical 
engineering in 1941. He received the 
Ph. D. degree in petroleum engineer- 
ing from the Univ. of Texas in 1947. 
Since 1947 he has been employed in 
Stanolind’s reservoir engineering ac- 
tivities. 
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R. P. ROE 


R. P. Roe, a native of Oklahoma, completed undergradu- 
ate work at Rice Institute and obtained a M.S. degree in 
chemical engineering from Univ. of Michigan. Since 1947, 
he has been engaged in reservoir engineering work for 
Stanolind Oil and Gas Co. in Tulsa, Oklahoma. 
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REVIEW OF CYCLING OPERATIONS 
IN THE LA GLORIA FIELD 


WituiAM H. Justice, La Gloria Oil Corp., 
Corpus Christi, Member AIME 


ABSTRACT 

The volume of gas being cycled in the United States has 
increased to approximately 3000 million cu ft per day. The 
rapid growth of the cycling industry since its beginning in 
1937 indicates that the cycling process has fulfilled an urgent 
economic need of the gas industry. 

The cycling of the La Gloria zone of the La Gloria field 
has been practically completed. It is the purpose of this 
paper to review the cycling operation of this reservoir so that 
the industry can evaluate cycling as a production process 
for the recovery of condensate from this type of reservoir. 


WILLIAM H. JUSTICE 


W. H. Justice is a chemical en- 
gineering graduate of the Univ. of 
Oklahoma. He was associated with the 
Tide Water Associated Oil Co., Hous- 
ton, from 1935 to 1948. During this 
time he was chief engineer of the gas 
utilization department and was active 
on the engineering committees of the 
Cayuga, Long Lake, Katy, Erath., 
West Tuleta and Old Ocean cycling 
projects. He is now technical adviser 
for La Gloria Corp., Corpus Christi. 
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DETERMINATION OF FRICTION FACTORS 
FOR MEASURING PRODUCTIVITY 
OF GAS WELLS 
R. V. Smitru, Petroleum and Natural Gas Branch of 
the Bureau of Mines, Bartlesville, Oklahoma 
ABSTRACT 

The theoretical background for calculating friction factors 
for flow in gas wells by two methods is presented. The first 
method, requiring pressures, temperatures and specific vol- 
umes of the flowing fluid at various depths in the well bore, 
shows how the mechanical-energy-balance equation for ver- 
tical flow may be graphically integrated over the actual path 
of the expansion of the fluid in the well. Thus, assumptions 
regarding the effective temperature and effective compressi- 
bility of the fluid in the well are avoided. The second method 
presents an equation which is derived on a basis of the 
assumptions that both the temperature and the compressi- 
bility are fixed at constant effective values throughout the 
flowing column of gas. The second method provides a con- 
venient and practical means of calculating friction factors 
for gas wells and lends itself readily to the problem of cal- 
culating subsurface pressures in a flowing gas well. The 
application of both methods to actual test data taken on a 
flowing gas well is illustrated in the paper. 


R. V. SMITH 


R. V. Smith was graduated with an 
A.B. degree in science from the Univ. 
of Missouri in 1934, and received an 
A.M. degree in physical chemistry 
from the same institution in 1935. 
Following graduate work at the Mis- 
souri School of Mines and Metallurgy, 
he entered the service of the Pe- 
troleum and Natural Gas Branch of 
the Bureau of Mines, Bartlesville, 
Okla., in 1936, where he is currently 
engaged in oil production research. 
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EXPERIMENTAL DETERMINATION OF 
VAPOR-LIQUID EQUILIBRIA OF THE 
SYSTEM NATURAL GAS-W ATER- 
TRIETHYLENE GLYCOL AT VARIOUS 
PRESSURES AND TEMPERATURES 
Joe A. Porter, Black, Sivalls & Bryson, Kansas City, 
and L. S. Rem, Prof. of Chem. Eng., Univ. of 
Oklahoma, Norman 
ABSTRACT 
Equilibrium data on the system natural gas-water-triethy- 
lene glycol have been obtained in the laboratory which will 
assist in the design of gas dehydration processes employing 
triethylene glycol as the desiccant. This investigation was 
conducted at pressures of 500, 1000, 1500 and 2000 pounds 
per square inch absolute, and at temperatures ranging from 

60° to 100°F. 

A solution of 95% by weight triethylene glycol, 5% by 
weight water was used throughout this investigation, in con- 
tact with natural gas saturated with water vapor at contact 
temperature and pressure. 


The water vapor content of the effluent gas reached a 
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minimum value at pressures about 1000 pounds per square 
inch absolute. Extrapolation of data indicates water will be 
stripped from the glycol solution in the pressure range 2000- 
3000 pounds per square inch absolute. The data indicate 
that a 95% triethylene glycol solution will dehydrate natural 
gas effectively in the atmospheric temperature range and at 
pressures ranging up to 1500 pounds per square inch abso- 
lute. Maximum dew point depression of 60°F. is obtained 
at a pressure of 500 pounds per square inch absolute. 


The data indicate that triethylene glycol is a more effec- 
tive desiccant than diethylene glycol because of greater 
dew point depression, smaller glycol vaporization loss, lower 
vapor pressure and greater thermal stability. 


12 


CURRENT PROBLEMS IN CYCLING 
OPERATIONS 
Ravtpu Hock and ALron J. CARROLL, Members AIME, 


Cotton Valley Operators Committee, 
Cotton Valley, Louisiana 


ABSTRACT 


Coordination of practical and theoretical considerations 
as a means of solving, or circumventing, some of the impor- 
tant operating problems inherent in most cycling operations 
are discussed. This paper is limited to five major items; 
hydrates, corrosion, location of dry gas front, controlling 
movement of gas in the reservoir, and planning optimum 
economic number of wells. The problem of hydrates can be 
solved through use of chemicals and heaters, however, better 
ideas for use of dehydration and separation equipment are 
needed to obtain better results at lower costs. An apparently 
effective and reasonably economic method of controlling 
corosion in high pressure gas condensate wells by use of 
organic inhibitors injected with truck-mounted equipment 
is presented. Unique time-saving and safety features em- 
ployed are shown and explained, along with necessary invest- 
ment costs and treating expenses. An improved method for 
testing wells, and method of correlating data, to locate dry 
gas front in the reservoir is explained. Movement of dry 
gas in the reservoir is controlled, insofar as practicable, 
through production and injection schedules based on studies 
of isobaric maps, dry gas front maps, potentiometric model 
studies, and reservoir characteristics. Practical limitations. 
experience, and use of potentiometric model studies, in plan- 
ning the optimum economic number of wells in one of the 
oldest cycling projects is discussed. 


RALPH HOCK 


Ralph Hock, graduate chemical en- 
gineer from the Univ. of Oklahoma, 
1937, has held engineering positions 
with Stanolind Oil & Gas Co. and Ed- 
wards Drilling Co. In 1940 he joined 
the Cotton Valley Operators Commit- 
tee and is now chief petroleum engi- 
neer of that Unit. He was awarded a 
Professional Engineering Degree by 
the University of Oklahoma in 1948. 
He is a member of AIME. 
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ALTON J. CARROLL 

Carroll graduated from A. & M. 
College of Texas with a B.S. in petro- 
leum engineering in 1941. He was em- 
ployed by Stanolind Oil & Gas Co. as 
roustabout engineer in North Cowden 
Field, later working in the Abell Field, 
West Texas. After four years military 
service, he worked in East Texas and 
Panhandle Fields with Stanolind, join- 
ing Cotton Valley Operators Com- 
mittee in June, 1948, as assistant pe- 
troleum engineer. 
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THE ESTIMATION OF PERMEABILITY 
AND RESERVOIR PRESSURE FROM 
BOTTOM HOLE PRESSURE BUILD- 

UP CHARACTERISTICS 


Cc. C. Mutter, Member of AIME, A. B. Dyes, and 
Cc. A. Hutrcuinson, Jr., Atlantic Ref. Co., Dallas 


ABSTRACT 

This paper presents a simple and practical method for 
the estimation of effective permeability and reservoir pres- 
sure from the rise in bottom hole pressure when a well is 
shut in. The method considers a well producing a uniform 
formation under steady state conditions when flow is shut 
off at the sandface followed by the unsteady state flow of a 
compressible liquid from regions far from the well to points 
closer in during the build-up period. An approximation for 
extending the method for two phase flow in the reservoir 
is also presented. 

In order to compare the effects of extremes in the migra- 
tion over the external boundary of the reservoir, two cases 
are considered: (1) a reservoir with constant pressure 
maintained at the radius of drainage, and (2) a reservoir 
with no influx over the radius of drainage. These equations 
define the build-up characteristics for the shut-in well as 
functions of time and the formation and fluid properties. 

The results of studies of the effects on the build-up curves 
of an increased or decreased permeability area in the 
immediate vicinity of the well are presented and a method 
is given for determination of the existence of this variation, 
which may indicate damage to the formation in drilling or 
improvement due to treatment. Equations for estimating the 
time required to stabilize the well, and the shut-in time 
required to obtain sufficient build-up data for the estimation 
of permeability and reservoir pressure by these methods are 
also presented as functions of the formation and _ fluid 
properties. 


CHARLES C. MILLER 

Charles C. Miller was born in New 
Orleans in 1916. He obtained a B.E. 
degree from Tulane and an M.S. de- 
gree from the Univ. of Michi- 
gan, majoring in chemical engineer- 
ing. In 1941 he joined the Atlantic 
Refining Co. in Dallas. His present 
position is senior reservoir engineer 
in the Research and Development 
Department. He is a member of 
AIME. 
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ALVIN B. DYES 

Alvin B. Dyes was born in Fort 
Valley, Georgia, in 1920. He received 
a B.S. degree in chemical engineering 
from Georgia Tech in a co-operative 
education program with the Hercules 
Powder Co. Since 1945 he has been 
with the Atlantic Refining Co. Re- 
search and Development Department 
in Dallas. His present position is 
associate reservoir engineer. 





CHARLES A. HUTCHINSON, JR. 
Charles A. Hutchinson, Jr., was 
born in Boulder, Colorado, in 1925. 
He obtained a B.S. degree in electrical 
engineering and a B.S. and M.S. de- 
grees in chemical engineering from 
the Univ. of Colorado. Since 
January, 1949, he has been with the 
Atlantic Refining Co. Research and 
Development Department in Dallas, as 
assistant reservoir engineer. 
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RESERV OIR PERFORMANCE — FIRST 
GRUBB POOL, SAN MIGUELITO FIELD 
WAYNE GLENN, Member AIME, Continental Oil Co., 
Los Angeles 


See Los Angeles for abstract. 
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INSTALLATION OF OFFSHORE PIPE LINES 
H. E. DENzLER, J .W. Scott, and J. M. WEst, 
The California Co., New Orleans 


ABSTRACT 

The dangers encountered, the excessive expenditures re- 
quired, the unreliability of the method formerly in use and 
the constantly increasing production from two widely sep- 
arated oil fields off the Louisiana coast in the Gulf of Mexico, 
required that a method fulfilling the obligations imposed be 
devised as quickly as possible to move the crude oil from 
the offshore drilling structure to terminals on the shore. The 
laying of flow lines between the structures and of gathering 
lines from a collection point to the shore appeared to be the 
best solution. This course of action was adopted -with excel- 
lent results. 

A discussion is given of the methods used in laying the 
original lines which were installed with surprising ease. It is 
emphasized however, that the methods presented in this 
paper are not only subject to improvement but that they are 
also subject to modification and probably amplification when 
and if they are applied to another locations. 


JAMES M. WEST 

James M. West, a native of Fort Worth, Texas, gradu- 
ated from the Univ. of Texas in 1949 with a B.S. in civil 
engineering. Since that time he has been employed by the 
California Co. as a construction engineer for oil field drill- 
ing and development operations. The majority of his as- 
signments in this capacity have been connected with the 
installation of drilling structures in the Gulf of Mexico. 
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JOHN W. SCOTT 


John W. Scott was born in Lexington, Kentucky, in 1925. 
After three years in the Navy, he returned to the Univ. 
of Kentucky and graduated in 1948 with a BS. in civil 
engineering. After graduation he was employed by the 
California Co. in Harvey, Louisiana. His work there has 

m as a construction engineer in the offshore drilling 
operations in the Gulf of Mexico. 


H. E. DENZLER, JR. 


H. E. Denzler, Jr., born in Indianapolis, Indiana, attended 
Purdue Univ. in the School of Civil Engineering. He worked 
with the Big Four Railroad on the Cleveland Terminal, 
with the State Highway Commission of Indiana, with E. I. 
DuPont, and with Michael Baker, Jr., Inc., before joining 
the California Co. in 1946 as a construction engineer. He 
is presently division construction engineer of the Gulf 
Coast Division. 


23 
ESTIMATION OF INTERSTITIAL WATER 
FROM THE ELECTRIC LOG 
Mitton Wituiams, Member AIME, Humble Oil 
& Refining Co., Houston 
ABSTRACT 
A comparison is made between the amount of interstitial 
water found by analysis in cores and that estimated from the 
resistivity curve of the electric log for the corresponding 
strata of producing reservoirs. It is shown that while the 
determined and the estimated water saturations are in good 
agreement in some cases, this agreement may be due to a 
fortuitous compensation of errors. Estimates of water satu- 
"rations made from the electric log by use of existing relations 
should therefore be employed with caution. Also presented 
are data on the variation of salinity of interstitial waters 
in reservoir sands, and on the effect of variation of salinity 
and porosity on the validity of estimates of water content 
made from the electric log. 


MILTON WILLIAMS 

Milton Williams attended Rice In- 
stitute in Houston, receiving his B.A. 
degree in chemistry in 1934 and his 
M.A. in 1935. After graduation he 
joined the production research divi- 
sion of Humble Oil and Refining Co. 
From 1942 to 1946 he served in the 
U. S. Navy. After his discharge in 
1946, he rejoined Humble’s production 
research division. 
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SOME PRELIMINARY INVESTIGATIONS 

OF QUANTITATIVE INTERPRETATIONS 
OF RADIOACTIVITY LOGS 

Rosert E. Busn, Lane-Wells Co., Alice, Texas, and 

E. S. Marpock, Member AIME, Well Surveys, Inc., 
Tulsa, Oklahoma 
ABSTRACT 

The objective of this paper is to present some practical 
methods of applying radioactivity logs to problems of inter- 
est to both those engaged in evaluating fundamental reservoir 
data as well as those engaged in subsurface structural 
work. The basic theories underlying the operation of radio- 
activity logging methods are briefly discussed along with 
some of the problems arising in the interpretation of the 
log. Three relative methods of quantitative interpretation 
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are described, with a discussion of relative zero points, and 
specific examples showing the application of these three 
relative quantitative interpretation methods. To show the 
variation of the three methods described, widely divergent 
specimen wells in point of geological time were selected to 
demonstrate the application. All three methods described 
are similar in that a relative log zero is determined from 
the neutron log and by comparison to known data such as 
diamond cores, a direct quantitative relation may be devel- 
oped. The application of the relative curve developed to 
unknown wells will permit a reasonably accurate deter- 
mination of porosity in limestone and dolomite reservoirs. 
The selection of one of the three methods of quantitative 
interpretation is dependent on the casing program and the 
type of formation encountered. Specific examples are given 
showing the application of these relative methods of inter- 
pretation to logs of the Smackover limestone in Arkansas, 
the Edwards limestone and dolomites of South Texas, 
and Permian dolomites of West Texas. 


E. S. MARDOCK 


E. S. Mardock was born in 1909 in the state of Iowa 
and was educated in California, receiving an A.B. degree 
in chemistry from Stanford Univ. in 1932. 

Mardock became interested in petroleum technology in 
1937 when he went to work for the Shell Development Co. 
research laboratory in Emeryville, California. 

Since early in 1948 he has been with Well Surveys Incor- 
porated of Tulsa, where he has been working on radio- 
activity log interpretation problems. 


ROBERT E. BUSH 


Robert E. Bush, a native Texan, 
graduated from A&M College of Texas 
with a B.S. degree in 1939. He then 
did post-graduate work in geology at 
the University of Houston. Until his 
entry in the U. S. Army in 1941, he 
was employed by Subterrex in Hous- 
ton. Following his discharge from the 
Army in 1945, Bush joined Lane-Wells 
as district sales geologist in the 
Shreveport district. He has since been 
transferred to the Southwest Texas 
district in the same capacity. 
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AN ELECTRICAL COMPUTER FOR 
SOLVING PHASE EQUILIBRIUM 
PROBLEMS 


Morris Muskat, Member AIME, and James M. Mc- 
DoweE Lt, Gulf Research and Development Co., 
Pittsburgh, Pennsylvania 
ABSTRACT 


The design, construction, and operational features are 
described for an electrical computer which may be used to 
determine the phase equilibrium in hydro-carbon mixtures. 
This computer gives an analog for the basic phase equilib- 
rium equations by means of parallel resistance circuit ele- 
ments. After adjusting the resistor components to the over- 
all composition of the mixture and the equilibrium ratios 
of the individual components, the mole fraction of the mix- 
ture is readily determined by a null setting. The mole 
fractions of the separate components in the liquid and gas 
phases can also be determined from voltmeter readings. A 
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number of examples are given illustrating both the accuracy 
and the types of application which can be made with this 
instrument. 


JAMES M. McDOWELL 

James M. McDowell is a native of 
Pennsylvania. He graduated from 
Carnegie Institute of Technology in 
1942 with a B.Sc. degree in electrical 
engineering. There followed three 
and one-half years of service in the 
Army Air Corps as an officer in 
charge of radio and radar _ work. 
Shortly thereafter he joined the 
physics division of the Gulf Research 
and Development Company where he 
has worked the past four years. 


MORRIS MUSKAT 

Morris Muskat graduated from 
Ohio State Univ. with the B.S. and 
M.A. degrees and received the Ph.D. 
degree from the California Institute 
of Technology. In 1929 he joined the 
Gulf Research & Development Co. as 
a research physicist, and became di- 
rector of the physics division in 1935. 
His personal research activities have 
included work in reservoir engineer- 
ing, lubrication, and theoretical geo- 
physics. 
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AN ELECTRONIC ANALOG COMPUTER 
FOR SOLVING THE FLASH V APORIZATION 
EQUILIBRIUM EQUATION 
F. W. Buss, Washington Univ., St. Louis, Ropert G. 
NisLe, and Paut G. CarPENTER, Member AIME, 
Phillips Petroleum Co., Bartlesville, Oklahoma 
ABSTRACT 
It is the purpose of this paper to describe an electrical 
computer which has been constructed to solve the equations 
for vapor-liquid equilibrium in multi-component systems. The 
instrument consists of seven component-computing units 
each with proper indicating means and power supplies. 
Each unit is a resistance network with a voltage matching 
servomechanism, and each provides an output voltage pro- 
portional to the mol-fractions for vapor and liquid phases. 
These voltages are summed and matched with a reference 
voltage to provide the solutions. Any reasonable number of 
such units may be put together to make a computer. The 
theory and operation of the computer is discussed. A num- 
ber of applications and examples of computer results are 
given. The computer yields the over-all vapor or liquid frac- 
tion to a probable error of 0.002. An interpolation method 

is described which reduces the probable error to 0.00016. 


PAUL G. CARPENTER 

Paul G. Carpenter graduated from 
Willamette Univ. in 1935 with a B.A. 
degree in chemistry. He obtained his 
M.S. degree in chemistry at Oregon 
State in 1937 and in 1941 the Ph.D. 
in chemistry at the Univ. of Wiscon- 


sin. After several years of varied ex- 
perience, he joined Phillips Petroleum 
Co. in 1947. At present he is chief of 
the production research section of the 


research department. 
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ROBERT G. NISLE 

Robert G. Nisle received his M.S. 
degree in physics in 1947 from Michi- 
gan State College where he was a 
Cottrell research fellow. During the 
war he served with the U. S. Navy as 
a project officer for ordnance develop- 
ment. Before joining the research 
staff of Phillips in 1947 he was em- 
ployed by the University of Houston, 
E. W. Saybolt and Co., and Geophysi- 
cal Service, Inc. He is now engaged 
in research in production physics. 





F. W. BUBB 

F. W. Bubb is professor and head 
of the Department of Mechanics at 
Washington Univ. in St. Louis. He 
has the degrees of B.S. in mechanical 
engineering, A.M.in mathematics, and 
Ph.D. in physics and mathematics. 
During the war he was director of 
research on Washington Univ.’s part 
of the Atomic Bomb Project. At pres- 
ent he directs an active research pro- 
gram at Washington Univ. on com- 
puters, servomechanisms and analogi- 
cal devices. 
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IMPROVEMENTS IN THE X-RAY 
SATURATION TECHNIQUE OF 
STUDYING FLUID FLOW 
F. Morcan, J. M. McDowELt and E. C. Dory, 
Gulf Research & Development Co., Pittsburgh 
ABSTRACT 


Improvements in the X-ray method of measuring liquid 
saturation and saturation distribution are presented. Two 
identical direct current amplifiers have been added to meas- 
ure continuously the intensities of the X-ray tube output and 
the beam which has passed through the core under test. 
The ratio of these intensities is automatically recorded on a 
modified Brown Electronik Recorder. Arrangements have 
been made to drive the core automatically and in synchron- 
ism with the recorder chart so as to give a continuous curve 
showing the variation of liquid saturation along the length 
of the core. By determining the ratio of the two X-ray beam 
intensities simultaneously the measurements are made essen- 
tially independent of small fluctuations in voltage and cur- 
rent supplied to the tube. This improved technique has been 
used for investigating the fluid distribution along the length 
of cores and core assemblies when one fluid is displaced 
by another. Typical results of these studies are shown. 


EDWARD C. DOTY 


Edward C. Doty was first employed 
by the Gulf Oil Corp. in 1933 in the 
sales department while attending the 
Univ. of Pittsburgh. In 1939 he re- 
ceived a B.S. degree in petroleum 
engineering from the Univ. of Pitts- 
burgh and was transferred to the 
production department in Louisiana. 
In 1941 he returned to the Univ. of 
Pittsburgh as an instructor and grad- 
uate student. He joined the Gulf 
Research & Development Co. in 1942. 
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FRANK MORGAN 

Frank Morgan is a graduate of 
Ohio Univ., Purdue, and Ohio State 
Univ. He joined the staff of the Gulf 
Research and Development Company 
as a research physicist in 1936 and 
became assistant head of the physics 
division in 1944. At Gulf he has 
worked on lubrication, oil production, 
and radioactivity. 
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VAPORIZATION IN POROUS MEDIA DUE 
TO VELOCITY DIFFERENCES 
CuHar.es E. Guturit. FLoyp W. Preston, Member 
AIME, and Donatp L. Katz, Member AIME, 
University of Michigan, Ann Arbor 
ABSTRACT 


Laboratory experiments have shown that a liquid flowing 
through porous media will give up gas to the media” even 
though the liquid leaves the porous media at a pressure above 
its bubble point. The explanation lies in high local velocities 
at constrictions in the media with correspondingly lower 
local pressures. The gas released in this manner is believed 
to be responsible in the main for the abnormal declining 
permeabilities observed in the laboratory and for producing 


wells. 
CHARLES E. GUTHRIE 

Charles E. Guthrie was born in Detroit, Michigan, in 
1926. In 1944 he entered the College of Engineering at the 
Univ. of Michigan. He received the B.S. degree in August, 
1948, and M.S. degree in August, 1949, both in chemical 
engineering. He held the Standard Oil Co. of California fel- 
lowship during 1948-49. He is now accepting a position in 
the research and development department of the Atlantic 
Refining Co., Philadelphia. 
FLOYD W. PRESTON 

Floyd W. Preston was born in Albuquerque, New Mexico, 
in 1923. He graduated with a B.S. degree in chemistry 
from the California Institute of Technology in 1944. He 
was employed at the Institute as a research assistant for 
one year before entering the department of chemical engi- 
neering at the Univ. of Michigan. He received the M.S. 
degree in chemical enginering in June, 1948, and joined 
Standard Oil Co. of California Production Laboratory at 
La Habra. 


DONALD L. KATZ 

Donald L. Katz received the Ph.D. 
from the Univ. of Michigan in 1933. 
He joined Phillips Petroleum Co. in 
1933 as research engineer and in the 
next three years did pioneer work in 
the field of reservoir engineering. 
Since 1936 he has been professor of 
chemical engineering and metallurgy 
at the Univ. of Michigan. He is active 
in AIME and AICHE and is the 
author of numerous papers on the be- 
havior of hydrocarbons. 
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PERMEABILITY MEASUREMENTS OF 
CORE SAMPLES UNDER COMPRESSIVE 
STRESSES 
Cuares E. Francis and Pau P. REICHERTZ. 
Member AIME, Magnolia Petroleum Co., Dallas 
ABSTRACT 
The measured value of gas permeability of consolidated 
petroleum reservoir sandstone is shown to be a function of 
the pressure applied to the sleeve and pistons of a rubber- 
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sleeve type permeability cell. Reductions from 5 to 60 per 
cent in measured value of gas permeability are observed as 
the sleeve and end pressures are increased from 200 to 5000 
psig. Evidence is given to show that these measured changes 
in gas permeability are due to an elastic compaction of the 
consolidated porous medium, and that this effect should be 
considered in routine core analyses as well as in reservoir 


computations. 


CHARLES E. FRANCIS 

Charles E. Francis was born in 1918 
at Perryton, Texas. He received his 
B.S. degree in physics in 1940 from 
West Texas State College. After serv- 
ing in the U. S. Army during World 
War II, he returned to The Univ. 
of Texas to complete work toward 
the M.A. degree in physics. Since 
August, 1947, he has been employed 
by Magnolia Petroleum Co., Dallas, 
as a research physicist. 





PAUL P. REICHERTZ 

Paul P. Reichertz was born in Illi- 
nois in 1915. In 1937 he received a 
B.A. degree in physics and mathe- 
matics, magna cum laude, from North 
Central College in Illinois. Two years 
later he received a Sc.M. in physics 
from Brown Univ. After a year as 
instructor in physics at Georgetown 
Univ., he returned to Brown Univ. and 
received a Ph.D. in physics in 1943. 
Since 1943 he has been associated 
with Magnolia Petroleum Co. 
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RELATIVE PERMEABILITY TO GAS 
W. J. Leas, Member AIME, L. H. JENKs, and CHARLES 
D. Russe, The Carter Oil Company, Tulsa 
ABSTRACT 
A detailed description is given of an experimental method 
for determining relative permeability of porous media to 
gas. Results are presented for natural and synthetic cores. 
The experimental data for two and three fluid phase systems 
are compared. The reproductivity of the equilibrium gas 
saturation is demonstrated and the effects due to a variation 
in rate of gas flow are discussed. An attempt is made to 
correlate total permeability and rock textural factors with 
relative permeability to gas. Capillary. pressure curves ob- 
tained simultaneously with the relative permeability curves 
are shown to be equivalent to those obtained in conventional 
displacement cells. The experimental methods as described 
in this paper are recommended both for routine engineering 
and research use. 


W. J. LEAS 

W. J. Leas received an A.B. and M.S. in physics and 
mathematics from the Univ. of Oklahoma. After several 
years in seismic exploration, and as a physicist for DuPont 
he joined The Carter Oil Co. as research physicist and 
has been working for the past four years on fluid me- 
chanics. He is a member of the AIME and the American 
Physical Society. 
L. H. JENKS 

L. H. Jenks received his bachelor’s degree in chemistry 
from Western Illinois State and a B.S. in petroleum engi- 
neering from the Univ. of Tulsa. After a short career in 
Naval Aviation, he joined The Carter Oil Co. as a junior 
research engineer and for the past two years has been 
engaged in fluid mechanics studies and in research on 
condensate corrosion. 
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CHARLES D. RUSSELL 

Charles Russell received his M.S. at the California In- 
stitute of Technology and his Ph.D. from Duke Univ., both 
in the field of physical chemistry. He has worked in lubri- 
cating oil problems for The Texas Co. and in Pharmaceuti- 
cal Research for the California Milk Products Co. Russell 
joined the research staff of The Carter Oil Co. in 1946 
and has been engaged for the past few years in fluid flow 
and reservoir behavior studies. Russell is a member 
of the American Chemical Society, the American Associa- 
tion for the Advancement of Science, the Chemists’ Club 
of New York City, and is a Fellow of the American Insti- 
tute of Chemists. 
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ANALYSIS OF FRACTURED LIMESTONE 
CORES 


Frank C. Ke_tton, Member AIME, 


Core Laboratories, Inc., Dallas 
ABSTRACT 


A method is outlined for the analysis of large cores, devel- 
oped primarily for the purpose of obtaining reliable data 
on fractured or vugular limestones. 

Porosity and fluid saturations are determined by a modi- 
fied Dean-Stark extraction after initially bringing the sam- 
ples to 100 per cent liquid saturation by a vacuum-pressure 
method. Horizontal permeabilities on the whole samples are 
determined in two directions, parallel and perpendicular to 
the direction of principal fracturing. 

Results are presented for various types of formations. A 
comparison is made between data obtained by this special 
method and the method of conventional analysis, and dis- 
cussion is given of the relative advantages and limitations 
of each. In view of this comparison a modified method for 
the analysis of fractured and vugular formations is proposed, 
which method retains the advantages of the previously out- 
lined techniques but gives promise of speeding up the 
analysis considerably. 


FRANK C. KELTON 

Frank C. Kelton was born in Berke- 
ley, California, in 1915. He received a 
B.S. degree in chemistry from the 
Univ. of Arizona in 1936. He attend- 
ed The Johns Hopkins Univ. from 
1936-40 as the recipient of Chemical 
Foundation and National Fellowships, 
and received his Ph.D degree in 
physical chemistry in 1941. In 1940 he 
was employed by Core Laboratories, 
Inc., where he is currently manager 
of research. 
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PORE SIZE DISTRIBUTION OF 
PETROLEUM RESERVOIR ROCKS 
N. T. Burpine, LUKE S. GourNAY, and PAuL P. 
REICHERTZ, Member AIME, Magnolia Petro- 
leum Co., Dallas 
ABSTRACT 


A method is described for determining the pore size dis- 
tribution in porous media, namely, petroleum reservoir 
rocks, by a technique that involves forcing mercury under 
pressure into the evacuated pores of the solid. Theoretical 
discussions, together with experimental procedures for ob- 
taining pore entry radii and the distribution of pore volume 
with pore entry radii are presented. Experimental results 
on a number of samples and distribution curves are shown. 
Data on the percentage of the pore volume filled by mercury 
at a pressure of 1500 psi are included. The results of 
re-runs of samples made possible by regenerative apparatus 
show the repeatability of the data and indicate the amount 
of physical change in the sample by mercury penetration. 
Theoretical equations for calculating permeability for pore 
size distribution data were derived and the results of such 
calculations are compared with measured gas permeability 
data. The effect of the sharp surface area and weight of the 
sample on the pore size distribution of reservoir rocks was 
investigated experimentally. Mercury capillary pressure 
curves are compared with those obtained by the porous dia- 


phragm method using gas to displace water. xx 








Carl Illig 
to Speak 
At San 
Antonio 


Meeting 


Carl Illig, Humble Oil and Ref. Co., 
Houston, will give an address on the 
Legal Aspects of Tidelands at the 
AIME Petroleum Branch Meeting in 
San Antonio, October 5-7. The address, 
which deals broadly with the whole 
tidelands problem, will be part of the 
program planned for the general ses- 
sion to meet Thursday afternoon, Octo- 
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ber 6. The discussion will include: A 
factual statement of the origin and his- 
tory of the problem beginning with the 
first challenge on the part of the Fed- 
eral Government to the ownership of 
the states and continuing to the pres- 
ent; a discussion of the bases, under 
American law and history, upon which 
a solution of the problem could be pred- 
icated; a brief account of the oil devel- 
opment on the shelf; and an appraisal 
of the solution as may be reflected 
either by legislation or proposed legis- 
lation which may be passed or under 
consideration at the time the paper is 
given. 

Illig was graduated from Rice Insti- 
tute with a B.A. degree in 1930. After 
receiving the LL.B. degree from the 
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Univ. of Texas, he engaged in general 
practice for two years, joining the legal 
staff of Humble Oil and Ref. Co. in 
1935. In 1948 he was made assistant 
to the president, in which capacity he 


is now serving. 5 on oa 





Correction: On page 282, Section 
2, this issue, which is part of the 
four pages devoted to the AIME 
Mid-Year Meeting announce- 
ment, the AIME ANNUAL 
BANQUET was erroneously 
listed for Wednesday evening, 
Sept. 28. Actually, the Banquet 
will be held on Tuesday evening, 
Sept. 27. 
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PROGRAM 


Petroleum Branch Meeting in Los Angeles 


October 20-21 
Elks Club, 607 South Parkview Street 


Thursday—October 20 


GENERAL INTEREST 
Morning Session 
Recent Developments in Offshore Drilling, Gulf Coast, by 
Dean A. McGee, Kerr-McGee Oil Industries, Inc., Okla- 
homa City. 
Petroleum Developments in Canada, by J. D. Gustarson, 
Imperial Oil Limited, Calgary, Alberta, Canada. 


SIGNIFICANT CALIFORNIA FIELDS 
Noon, 12:15 p.m. 

Luncheon and business meeting of the Pacific Petroleum 
Chapter at the Town House Hotel, Paul Andrews, chapter 
chairman, presiding. 

Afternoon Session 
Cuyama Valley Oil Field, by Cuester A. Davis and W. A. 
Payne, Richfield Oil Corp., Los Angeles. 
The Lake View Oil Field, by W. P. Sims and W. G. Fraitine, 
Standard Oil Co. of California, Taft. 


The San Miguelito Field, by Wayne GLENN, Continental Oil 
Co., Los Angeles. 


Friday—October 21 


TECHNOLOGY 


Morning Session 


Some Aspects of Relative Permeability, by S. T. Yuster, 


Univ. of California at Los Angeles. 
Fluid Saturation in Porous Media by X-Ray Technique, by 
A. D. K. Latrp and J. A. Putnam, Univ. of California. 


EQUIPMENT AND OPERATIONS 


Afternoon Session 


Improved Casing Cementing Practices in the United States, 


by Wo. D. Owstey, Halliburton Oil Well Cementing Co., 
Duncan, Oklahoma. 


The S.P. Log in Shaly Sands, by H. G. Dott, Director of Re- 
search, Schlumberger Well Surveying Corp., Ridgefield, 


Connecticut. 

Corrosion Mitigation Within Dehydrating Tanks, by Ernest 
KarTINEN, Signal Oil and Gas Co. 

Plans are being made for a dinner dance on Friday night, 


as it is considered desirable to include the ladies in the 


meeting activities. Further announcements on this feature 
will be made in the October issue of the JourNAL. 


Los Angeles Abstracts and Authors 


Abstracts not appearing here or in the August issue will be carried in October. 


RESERVOIR PERFORMANCE — FIRST 
GRUBB POOL, SAN MIGUELITO FIELD 
Wayne E. GLENN, Member AIME, Continental 
Oil Co., Los Angeles 
ABSTRACT 


The San Miguelito field lies in Ventura County approxi- 
mately five miles northwest of the city of San Buena Ventura 
along the coastal highway to Santa Barbara. The structure 
is located in a band of anticlinal folding, often termed the 
Ventura Anticline. This trend continues northwestward from 
the Ventura Avenue oil field to San Miguelito, Padre Can- 
yon, and Rincon fields, extending beneath the Pacific Ocean. 
The original accumulation of oil in this deeply dipping 
anticlinal dome was evidently controlled by faulting and 
lithological gradation. Production is from the Pico formation 
of upper Pliocene age, but the source beds for the oil are 
believed to be the organic shales of the Miocene age. The 
subsurface geology of San Miguelito is complex due to 
faulting, lithology and physical characteristics. In the 17 
years since discovery of the First Grubb pool in November 
1931, there have been 48 producing wells completed within 
the 276 productive acres. Recoveries are exceptionally high 
as would be expected, from wells with a total sand interval 
of 1220 feet and a net effective pay of 685 feet. Several wells 
have recovered a million barrels while the discovery well 
has recovered 1,780,000 barrels. Pool cumulative recovery 
is 15,600,000 barrels. Gas injection in well No. 3 was 
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inaugurated as a conservation measure in April, 1940. This 
practice was continued until November, 1943, when a total 
of 511,000 Mcf of gas had been injected. At this time injec- 
tion was discontinued in this well because of excessive gas 
channeling to well No. 27, a newly completed offset. Well 
No. 24 was then converted to injection and the daily rate 
was increased to approximately 5,000,000 cubic feet. To date 
about 7,000,000,000 cubic feet of dry gas has been returned 
to the First Grubb pool. This represents about 15% of the 
wet gas produced. Gas injection in the First Grubb pool was 
never intended as a pressure maintenance project. It was 
for the purpose of gas storage, to prolong the flowing life of 
wells, and to some degree retard pressure decline. This 
project was successful only in prolonging flowing life of wells 
and as a guide to future injection methods. Selective low 
pressure gas injection is proposed which is more favorable 
and more easily controlled in a reservoir of this type. 


WAYNE E. GLENN 


Wayne E. Glenn was born in Fort 
Worth, Texas, and attended the Univ. 
of Oklahoma. After several years 
of varied experience in the field, he 
joined Continental Oil Co. in 1939. 
He served two years with the Armed 
Forces and then returned to Continen- 
tal where he is now employed as re- 
gional engineer in the production and 
drilling department. 
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LAKEVIEW POOL, MIDW AY-SUNSET FIELD 
W. P. Sims and W. G. Frattine, Standard Oil Co. 
of California, Taft, California 
ABSTRACT 

The Lakeview pool of Kern County, California, was dis- 
covered in 1910 with the drilling of Lakeview No. 1 which 
blew out and produced an estimated 8,250,000 barrels of oil 
in 544 days of uncontrolled flow. The well has since been 
known as the “Lakeview Gusher”. Full exploitation of the 
pool did not take place until about 25 years later. A total 
of 112 producing wells were completed in the Lakeview 
sand through April 30, 1949. As of that date, about 30 per 
cent of the total wells drilled were still producing, with an 
average pool production rate of approximately 2000 barrels 
of oil, or 60.4 per cent of the tank oil originally in place. 

The pool is bordered on its downstructure side by a body 
of inactive edgewater and water production, where present, 
has been principally the result of coning. 

Since the depletion of the greater portion of the gas 
energy by the “Lakeview Gusher’, the pool has operated 
under gravity drive. Relatively high angle dips, good per- 
meabilities and favorable fluid characteristics have made 
gravity drainage particularly effective. Since January, 1942, 
the oil recovery has been relatively constant at about 
53,000 barrels per foot drop in fluid level. Correlations 
between the volume of reservoir space drained and the cumu- 
lative oil produced indicate that an ultimate recovery of 
69.1 per cent of the tank oil originally in place is attainable. 


W. G. FRAILING 


W. G. Frailing graduated from the 
Univ. of Michigan in 1941 with a 
B.S. degree in mechanical engineer- 
ing. After graduation, he served five 
years with the U. S. Army. In 1946, 
he attended the Univ. of California 
for graduate studies in mechanical en- 
gineering. Since 1947, he has been 
employed by the Standard Oil Com- 
pany of California. 


W. P. SIMS 


W. P. Sims, a native of Waxahachie, 
Texas, attended the A.&M. College of 
Texas, where he studied petroleum en- 
gineering and geology, receiving a 
B.S. degree in 1942. After release 
from the Armed Forces in 1946, he 
joined the Standard Oil Co. of Calli- 
fornia. During 1947, Mr. Sims did 
graduate work at the Univ. of Cali- 
fornia and has since been employed 
by Standard Oil at Taft, California. 





RECENT CANADIAN OIL DEVELOPMENT 
J. D. Gustrarson, Imperial Oil Limited, 
Calgary, Alberta, Canada 
ABSTRACT 

The search for oil in Western Canada is being carried on 
in an area containing roughly 800,000 square miles. Pro- 
duction is obtained from Mississippian limestones and dolo- 
mites at Turner Valley, the first large field in Canada, but 
in the past two years all of the major discoveries have been 
in limestones and dolomites of the Upper Devonian. No 
production of commercial significance is found in formations 
older than Devonian, while the youngest commercially pro- 
ductive formations are in the Cretaceous. 

The important Devonian discoveries during the past two 
and a half years are Leduc-Woodbend, Redwater, Golden 
Spike, and Stettler, and there have been several discoveries 
of small fields where production is from sands in the Lower 
Cretaceous. Drilling conditions in the Central Alberta Plains 
are not difficult except for the problem of lost circulation 
and blow-out danger which is faced in drilling into the frac- 
tured, vuggy D-3 Zone of the Devonian. 

\ wide variety of reservoir conditions is encountered in 
the Devonian limestone pools. The upper zone at Leduc is a 
solution gas drive reservoir while the main pay zone below 
will probably be depleted by gas-cap expansion. In the 
Redwater Devonian reef there is evidence now that water 
influx is maintaining reservoir pressures but it is still too 
early to say whether or not water will be a major factor as 
time goes on. Development of new core analysis techniques 
utilizing large cores from the diamond core barrel is con- 
tributing materially to understanding of the nature of the 
limestone reservoirs. 

By May of this year development had proceeded to the 
point where the producing capacity had exceeded market 
demand. As of the middle of August the developed potential 
under Conservation Board allowables amounted to approxi- 
mately 113,000 barrels per day in Alberta’s light crude fields. 
This is approximately double market demand. At the same 
date there were about 40 rigs in exploration work and about 
the same number in development drilling, and the total 
number of producing wells was 765. 


J. D. GUSTAFSON 

J. D. Gustafson attended the Univ. 
of Pittsburgh and Ohio State Univ. 
and graduated from the latter with 
degree of B.E.M. in March, 1936. After 
a year as junior engineer with the 
United Natural Gas Co., he joined the 
Carter Oil Co. as junior engineer in 
1937. Since 1947 he has been asso- 
ciated with Imperial Oil Limited as 
division engineer of the western divi- 
sion of the producing department. 
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CORRECTION 


Previous mention in these columns of 
Petroleum Technologists, Inc., a new 
consulting and research firm of Monte- 
bello, Calif., should have stated that 
the firm will conduct production re- 


field Oil Corp. 


search under Norris Johnston, presi- 
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dent, and reservoir engineering 
N. van Wingen, vice president. John- 
ston was formerly with General Petro- 
leum Corp., while van Wingen, lately 
professor of petroleum engineering at 


the Univ. of Oklahoma. was with Rich- 
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under Pau S. Jounston has been named 
assistant professor of petroleum reser- 
voir engineering at Texas Technologi- 
cal College, Lubbock. Johnston received 
his B.A. degree in petroleum engineer- 
ing at the Univ. of Oklahoma, where 
he served as graduate assistant and 
special instructor in petroleum engi- 
x« Kk * 


x xk * neering. 
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PROGRAM 


Petroleum Branch Meeting in Columbus, Ohio 
September 26-27, 1949 


In Conjunction with 
the 
1949 Mid-Year Meeting 
of the 
AMERICAN INSTITUTE 
OF 
MINING & METALLURGICAL ENGINEERS 
September 25-29 


Sunday, September 25 
12:00 m. —Registration, Neil House Hotel 


2:00 p.m.—Mineral Industry Education Division, 
Conference, Neil House Hotel. 


Monday, September 26 


8:30 a.m.—Registration, Neil House Hotel 


12:00 m. —All-Institute Luncheon, Ballroom, Neil House 


Hotel. Speakers: Frank J. Lausche, Governor 
of Ohio and L. E. Young, President of AIME. 


2:30 p.m.—Petroleum Branch Technical Session, Hall of 
Mirrors, Deshler-Wallick Hotel. 


Presiding: R. W. French, Jr. and L. E. Elkins 


1. Improved Casing Cementing Practices in the 
United States, by William D. Owsley, Halli- 
burton Oil Well Cementing Co., Duncan, 
Oklahoma. 


2. Ability of Drilling Muds to Lift Bit Cuttings, 
by H. N. Hall, Tulsa; Howard Thompson, 
Houston, and Frank Nuss, Ft. Worth; all with 
Stanolind Oil & Gas Co. 


3. Dynamometer Charts and Well Weighing, by 
ae Fagg, Johnson-Fagg Engineering Co., 
sa. 


Tuesday, September 27 


9:30 a.m.—Petroleum Branch Technical Session 
Hall of Mirrors, Deshler-Wallick Hotel 
Presiding: William Berwald and Paul Fitzgerald 


4. Applications of the Telefloodmeter to Water 
Flooding, by Quentin B. Marsh, Sperry-Sun 
Well Surveying Co., Crossville, Il. 


5. Determination of Friction Factors for Meas- 


uring Gas Well Productivity, by R. V. Smith, 
U. S. Bureau of Mines, Bartlesville, Okla. 
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R. W. French, Jr., Vice-Presi- 
dent, Sohio Petroleum Co., 
| Cleveland, Ohio, and 1950 Pe- 
troleum Branch Vice Chairman- 
elect, serves as General Chair- 


man of the meeting. 





6. Reworking a Five-Spot Water Flood, by James 
Buckwalter, Ryder Scott Co., Bradford, Pa. 


12:00 m. Petroleum Branch Luncheon, Ball Room 
Deshler-Wallick Hotel 
R. W. French, Jr., Toastmaster. Speaker, J. French 
Robinson, Pres., East Ohio Gas Co., Cleveland 
—“Natural Gas—A New Giant” 


2:30 p.m.—Petroleum Branch Technical Session 
Hall of Mirrors, Deshler-Wallick Hotel 
Presiding: Edward V. O’Rourke and 
Kenneth Cottingham 


7. Petroleum Research at Battelle, by Frank 
Croxton, Battelle Memorial Institute, 
Columbus. 

8. Production of Synthetic Liquid Fuels from 
Oil Shale, by Walter R. I. Murphy, U. S. 
Bureau of Mines, Laramie, Wyo. 

9. Selective S. P. Logging, by Henri G. Doll, 
Schlumberger Well Surveying. Corp., Ridge- 
field, Conn. 

10. Radioactivity Well Log Interpretation, by 


John M. Terry, Lane-Wells Co., Oklahoma 
City. 


6:15 p.m.—All-Institute Cocktail Party, Mezzanine, 
Neil House Hotel. 


7:00 p.m.—All-Institute Mid-Year Banquet, Ballroom, 
Neil House Hotel. 


Thursday, September 29 


Inspection Trips, including Luncheons 
No. 1, Hanna Coal Co., Cadiz, Ohio. 


No. 2, Lustron Corp., Owen Corning Fibreglass Co. 
No. 3, Pure Oil Co., Refinery and Permanente Metals Corp. 


No. 4, Ternstedt Div., General Motors, and National Electric 
Coil Company. 


No. 5, Battelle Institute and Ohio State University. 


No. 6, Jeffery Mfg. Co. and Battelle Institute. 
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PETROLEUM RESEARCH AT BATTELLE 
MEMORIAL INSTITUTE 
Frank C. Croxton, Battelle Institute, 
Columbus, Ohio 


ABSTRACT 

As a part of its extensive research program, the petroleum 
industry has sponsored technical investigations at research 
institutes such as Battelle. Some of these investigations are 
fundamental in nature. Most, however, are directed toward 
practical answers which can be translated into commercial- 
scale operations. Research at independent laboratories is 
generally undertaken in order to find (1) specialized talents 
or techniques not available in sponsors’ laboratories, (2) 
specialized facilities or apparatus, (3) a fresh and detached 
viewpoint, and (4) an integration of the foregoing into a 
type of research organization possessed by few in industry. 

Petroleum research at Battelle has included the following 
subjects: 

1. Utilization of refinery by-products. 

. Evaluation of new products. 

. Development of chemical derivatives from petroleum 
raw materials. 

4. Lubricant additives. 

5. Correction and prevention of corrosion. 

6. Development of nondestructive testing methods. 

7. Aircraft hydraulic systems. 

8. Fundamental research. 

The expansion of the petroleum industry into markets 
other than the traditional gasoline-fuel oil-lubricants-and- 
asphalt field points to a need for a more versatile research 
effort, an appreciable part of which can be supplied most 
effectively by the independent research institutes. 


Ww bdo 


FRANK C. CROXTON 


Frank C. Croxton is assistant direc- 
tor in charge of chemical research at 
Battelle Institute, Columbus, Ohio, 
and has contributed numerous articles 
to the trade and technical journals. 
Croxton is a graduate of Ohio State 
Univ., from which he holds B.A., M.A., 
and Ph.D. degrees. He was a research 
chemist with the Standard Oil Co. of 
Indiana for nine years before joining 
the Battelle staff in 1939. 








REWORKING A FIVE-SPOT WATER FLOOD 
Joun F. Buckwatter, Member AIME 
Ryder-Scott Company, Bradford, Pa. 

ABSTRACT 

Nearly 1,000 new wells have been drilled in the Bradford 
field within areas previously developed by 5-spotting which 
were operated by pressure flooding. 

This paper presents data about this reworking program. 
Detailed data from a property which was redrilled on an 
experimental basis using three different methods of rede- 
velopment is presented to illustrate the type of work being 
done and to show the comparative results of the several 
different procedures. 

The results of the studies made on reworked properties 
show the importance of employing proper completion meth- 
ods and good reservoir engineering control of the develop- 
ment of water-flood properties. 

At this time not all properties in the Bradford area can 
be redeveloped economically. A knowledge of the reservoir 
conditions is absolutely necessary to any reworking program. 
This is particularly true with reference to the arrangement 
of the oil and water in the 5-spot. 


JOHN F. BUCKWALTER 

John F. Buckwalter, a partner since 
1943 in Ryder Scott Company, Petro- 
leum Engineers, of Bradford, Pa., was 
born in Philadelphia, Pa., in 1912. He 
graduated from Pennsylvania State 
College in 1935, and was employed by 
the Ryder Scott Company in May, 
1939, as an engineering assistant. He 
is a consulting engineer specializing 
in reservoir engineering of water-flood 
operations. 











Directory Supplement 
MEMBERS 


Rassinier, E. A., Sr. Pet. Engr., Phillips Petroleum Company, 1043 City 
Bank Bldg., Houston, Texas. 


Levine, Joseph S., Sr. Chem., Shell Oil Co., Ine., 3737 Bellaire Blvd., 
Houston, Texas. 


Gee, Kirby Carson, Dist. Mgr., Schlumberger Well Surveying Corp., 
1115 Hamilton Bldg., Wichita Falls, Texas. 
STUDENT ASSOCIATES 
L'oyd, Donald D. 
The above names were not listed in the Petroleum 
Branch Directory. They are included here to make your 
directory complete. 

















1949 Transactions 
Volume Released 


The Volume Petroleum Development 
and Technology (Transactions Vol. No. 
179) has been mailed to members who 
had it on order. Members who expect 
to receive it and have not, and those 
who wish to place an order, should 
direct their inquiry or request to Book 
Department, AIME, 29 West 39th St., 
New York 18, New York. The volume 
is priced at $3 to members, and con- 
tains the technical papers (389 pp) 
that were published in the bi-monthly 


PETROLEUM TECHNOLOGY in 1948, 
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BRANCH OFFICERS 
ELECTED FOR 1950 


Pursuant to Article [X of the by-laws 
of the Petroleum Branch, election of 
the following officers and executive com- 
mitteemen is announced: 

Chairman: John E. Sherborne. chief 
production engineer, Union Oil Co. of 
California, Whittier, California. 

Vice-Chairmen: Paul Andrews, chief 
production engineer, Signal Oil and 
Gas Co., Los Angeles; Richard W. 
French, vice-president, Sohio Petroleum 
Co., Cleveland. 

To the Executive Committee (three 
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year terms): R. C. Earlougher, Ear- 
lougher Engineering, Tulsa; John R. 
McMillan, vice-president in charge of 
production, Fullerton Oil Company. 
Pictures and biographies of theze 
members, who made up the slate chosen 
by the Nominating Committee, appeared 
in the June issue of the JourNnAL. No 
other nominations having been received 
within the interval, their election is 


automatic. 


Frank N. Bosco, petroleum consult- 
ant of Denver, Colerado, attended the 
Army’s first Research and Development 
Conference, Chicago, August 28-29, 


SECTION] , . . 23 











George Roberts, Jr. 





Paul R. Schultz 


This paper summarizes the results 
of a study of the technical and economic 
status of liquid fuels from oil shale and 
coal. This study was made to bring up 
to date evaluations of these raw mate- 
rials as potential replacements for crude 
petroleum. 


The three important raw materials 
that can be used to supplement or re- 
place crude petroleum as sources for 
liquid fuels are natural gas, oil shale, 
and coal. Of these, natural gas is the 
least important because of limited avail- 
ability. It is finding a profitable and 
essential market as domestic and _ in- 
dustrial fuel, and the reserves in excess 
of these applications could provide only 
a few per cent of the demand for liquid 
fuels. Although of minor importance 
from a standpoint of potential volume, 
the development of synthetic liquid 
fuels from natural gas has led indus- 
trial research efforts in the synthesis 
field since it appeared to be the most 
economically attractive of all of the 
synthesis processes. 

The production of liquid fuels from 
coal and shale has been developed on a 
commercial scale in numerous foreign 
countries, particularly Germany. How- 
ever, the processes as developed abroad 
are financially unattractive in the Amer- 
ican economy, and hence are of little 
interest in the present discussion. The 
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iquid Fuels 


From 


Coal and Oil Shale 


GEORGE Roserts, Jr. and Paut R. ScHuttz, Member AIME 


Stanolind Oil and Gas Co., Tulsa. Oklahoma 


synthesis of liquid fuels from natural 
gas has not been practiced in foreign 
countries, but this process is now near- 
ing commercialization in the United 
States. 


In order to evaluate the comparative 
economics of liquid fuels frem coal and 
oil shale, it was necessary » postulate 
representative cases, formulate work- 
able plant designs, and estimate invest- 
ment and operating costs for each case. 
Three basic cases were selected, one on 
oil shale, one on bituminous coal, and 
one on subbituminous coal. Nominal 
capacity of each plant was fixed at 
10,000 B/D. The locations were selected 
after consideration of the critical eco- 
nomic factors: raw material supply 
labor, water, and existing transporta- 
tion facilities. Final product costs were 
debited with transportation charges to 
reflect product distribution in a com- 
mon market. 


The designs were developed on a 
conservative basis. Known processes of 
definite operability were utilized to the 
fullest extent. When proved processes 
were not available, the results of re- 
search were employed to devise a proc- 
ess with maximum assurance of oper- 
ability. 


Oil Shale 


It has been estimated that at least 
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100 billion barrels of oil can be ob- 
tained from known U. S. shale deposits.’ 
The recovery of oil from shale is a 
commendable conservation measure 
since oil shales in their natural state 
are not useful as fuels like coal and 
natural gas. 

Production of liquid fuels from oil 
shale may be divided into two basic 
operations: (a) the mining of the shale 
and recovery of the crude shale oil and 
(b) refining of the crude oil. In the 
United States, the Bureau of Mines is 
actively investigating allt phases of the 
operations. Some industrial concerns 
are studying the retorting operation and 
refining of the crude oil. 

The investigations on mining by the 
Bureau of Mines at Rifle, Colorado, 
have indicated that oil shale in that 
region can be mined at a cost of about 
60 cents per ton by “underground 
quarry” techniques.’ Conventional con- 
veying equipment can be used to trans- 
port the shale to a nearby retorting 
site. 

For the retorting of oil shale, several 
methods have been proposed, and some 
experimental work has been performed. 
The methods include NTU retorts, fluid 
bed operations, Thermofor kiln, and the 
Union Oil Company’s upflow retort. 
The Union type was selected as a basis 
for this study since it is continuous in 
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operation, relatively simple, and _ re- 
quires a minimum of cooling water. 
It is a large cylindrical vessel into 
which the crushed shale is introduced 
by an under feed stoker device. The 
shale passes upward through the vessel 
and is discharged as ash at the top. Air 
enters at the top, is preheated by the 
effluent ash, burns the residual coke in 
the spent shale, and carries heat into 
the raw shale for removing the crude 
shale oil. The vapors from the distilla- 
tion zone are cooled while heating the 
incoming shale, and the make gas and 
condensed oil are withdrawn near the 
bottom of the vessel. 

Refining of the crude shale oil into 
products competitive with those from 
petroleum is a major problem. The 
shale oil is rich in olefinic and ring 
compounds and has troublesome con- 
tents of nitrogen, sulfur, and oxygen.’ 
It is also too deficient in hydrogen to 
respond well to cracking. However, a 
preliminary coking operation can re- 
move some sulfur with the coke, and 
the coke still distillate can be hydro- 
genated to yield a product that is 
amenable to finishing by conventional 
methods.” 

The flow for the shale oil processing 
is illustrated diagrammatically in Fig. 


1. Oil shale, assaying 30 gallons of 
“oil” per ton, is assumed to be mined 
in the region near Rifle, Colorado, us- 
ing the technique developed by the 
Bureau of Mines. After crushing at the 
mine, it is transported by conveyor to a 
nearby retorting site where the oil con- 
tent is recovered in Union-type upflow 
retorts. The crude shale oil is vis-brok- 
en in order to reduce pour point and 
viscosity sufficiently to permit pipe-line 
transportation to a refinery near its 
potential market (in this study con- 
sidered to be Chicago). Extensive re- 
fining near the shale oil deposits would 
be impractical because of the unavail- 
ability of labor and lack of adequate 
water supplies. 


At the refinery. at Chicago the vis- 
broken shale oil is subjected to a pre- 
liminary coking operation. The coke 
still distillate is hydrogenated catalyti- 
cally, and the resulting product is fin- 
ished into marketable fuels by conven- 
tion refinery techniques. Hydrogen for 
the hydrogenation operation is obtained 
by reforming and water-gas shift con- 
versions of the fuel gas produced from 
the coking and other units. 


Process yields and costs associated 
with recovery and refining of shale oil 


are discussed under the heading “Eco- 
nomic Comparisons.” 


Coal 

For the long-term future, coal is the 
most important raw material for syn- 
thetic fuels. Although the U. S. coal 
reserves are probably far less than the 
estimate prepared by the U. S. Geologi- 
cal Survey in 1906, there are undoubt- 
edly tremendous quantities existent. 
This is particularly true of the lower 
rank western coals, subbituminous and 
lignite. Because of their location and 
their physical properties, these two 
grades of coal find little demand today. 
Certain grades of eastern coal, such as 
anthracite and the bituminous grade 
suitable for making metallurgical coke, 
can be exempted from use for synthetic 
fuel production because of their scarcity. 


Synthetic liquid fuels can be pro- 
duced from coal by either the Bergius 
hydrogenation process or the Fischer- 
Tropsch synthesis reaction. The data on 
recent developments in coal hydrogena- 
tion are confined, primarily, to publi- 
cations of the Bureau of Mines.”* There 
has been little published in recent years 
regarding the work of private industry 
in this field. Indications are that hydro- 
genation is somewhat less economic 
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FIG. 1 — LIQUID FUELS FROM OIL SHALE 
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than the Fischer-Tropsch process. Con- 
sequently, this discussion will not in- 
clude coal hydrogenation as a competi- 
tive alternate process. 

The Fischer-Tropsch process is ap- 
plicable to either coal or natural gas as 
raw materials and consists of two funda- 
mental operations: 
the raw material to a synthesis gas con- 
sisting principally of carbon monoxide 
and hydrogen, and (b) reaction of this 
gas over a suitable catalyst to produce 
hydrocarbons. Synthesis gas made from 


(a) conversion of 


coal normally has a hydrogen-carbon 
monoxide ratio of about 1:1, while syn- 
thesis gas produced from natural gas 
has a hydrogen-carbon monoxide ratio 
of 1.8:1. This difference in gas compo- 
sition has a pronounced effect on the 
subsequent ‘synthesis reaction. By using 
a water-gas shift, it is of course, pos- 
sible to upgrade low H,:CO ratio gas 
from coal so that it corresponds to syn- 
thesis gas from natural gas. 

The German commercial plants uti- 
lized coal or coke as raw material. For 
the gasification of the solid fuels, sev- 
eral types of generators were devel- 
oped; e.g., the Lurgi (elevated pres- 
sure) and the Winkler (low pressure). 
The work in this country on synthesis 


proposed modifications of the Lurgi and 
Winkler types, dilute-phase (pulverized 
coal) generators, and fluid carbonizers 
and gasifiers. The Bureau of Mines is 
investigating two types of dilute-phase 
reactors, the simple vortex burner and 
the Koppers generator. Other groups 
are investigating fluid-bed 
tion of coal to yield fuel gas and fluid- 
bed gasification of coal or coke to pro- 
duce synthesis feed gas. All of these 
are alternate methods to obtain reac- 


carboniza- 


tion of coal or coke with oxygen and 


superheated steam yielding carbon 


monoxide and hydregen as_ primary 
products. 

German commercial practice has been 
based entirely on low H,:CO ratio gas 
made from coal or coke. The synthesis 
process typically uses a cobalt-thoria 
catalyst in fixed beds, with the heat of 
reaction removed by oil or water cir- 
culating through a multitude of tubes 
traversing the catalyst beds. The chief 
disadvantages of the German process 
are (a) low-pressure operation which 
necessitated large reactor volumes, (b) 
use of expensive cobalt-thoria catalyst, 
(c) poor heat removal because of the 
fixed beds, and (d) the production of 
heavy saturated hydrocarbons having 


In this country, work on synthesis of 
low H,:CO ratio gas has been carried 
out primarily by the Bureau of Mines. 
In their work, two types of reactors 
have been tested experimentally using 
iron catalyst. In the internally cooled 
type, the catalyst is in the form of pel- 
lets in a fixed bed. A heavy oil is cir- 
culated through the bed to transfer heat 
of reaction from the catalyst to tubes 
through which a cooling medium is 
passed. The second or slurry-type reac- 
tor utilizes a catalyst suspended in a 
heavy oil, and the reaction temperature 
is controlled by circulating the slurry 
through external heat exchangers for 
cooling. 

On the other hand, industrial research 
and development in the United States 
on the Fischer-Tropsch synthesis has 
been chiefly concerned with its adapta- 
tion to high H,:CO ratio synthesis gas 
obtained by partial oxidation of nat- 
ural gas with oxygen. This gas is then 
reacted over an iron catalyst in a 
fluidized bed to form hydrocarbons and 
oxygenated derivatives, with some waste 
carbon dioxide and water. The hydro- 
carbons are recovered by conventional 
methods. After catalytic treatment un- 
der mild cracking conditions (isoform- 
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FIG. 2 — SYNTHETIC FUELS FROM COAL 
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panying oxygenated compounds to ole- 
fins, these hydrocarbons are <eparated 
into gasoline, distillate fuel, and resi- 
dual fuel. This synthesis process is con- 
ducted at pressures up to 500 Ib./sq. in., 
has vastly improved heat transfer char- 
acteristics as compared to _ fixed-bed 
processes, utilizes a cheap catalyst, and 
produces a high yield of quality 
gasoline. 

Very little work has been done to 
date on application of fluid-type reac- 
tors to low H,:CO ratio gas, such as 
may be obtained from coal gasification. 
Since the fluid-type reactor is consid- 
ered superior to the fixed bed for this 
reaction, it was employed for purposes 
of this study. As a consequence, the 
water-gas shift to obtain higher ratio 
gas was included in the process design 
and ecoonmics. 


Recovery and finishing of the prod- 
ucts from the synthesis reaction based 
on gas from coal have not been inten- 
sively investigated in this country. How- 
ever, the operations developed in con- 
nection with synthesis from natural gas 
should be directly applicable. 


The basic process flow for the coal 
plants is illustrated in Fig. 2, although 
separate designs were made for the bi- 
tuminous and subbituminous coal cases. 
The coal, mined and delivered to the 
plant site, is pulverized and reacted in 
a fluid bed with oxygen and steam at 
elevated pressure. The resultant gas 
has a H,:CO ratio of approximately 0.8 
and is reacted with steam over a water- 
gas shift catalyst to yield a H.:CO ratio 
of 1.8. After removal of carbon dioxide 
and sulfur compounds, the process flow 
is similar to that developed for a plant 
using natural gas. The synthesis gas is 
reacted over a fluid iron catalyst, and 
the reaction products are separated. A 
portion of the off gas is recycled to 
the reactor while the net make is passed 
through a conventional oil absorption 
system to recover the liquid hydrocar- 
bons. The liquid fraction, combined 
with the debutanized stream from the 
vapor recovery system, is isoformed to 
improve octane rating and to convert 
the oxygenated compounds to the corre- 
sponding olefins, and is fractioned into 
conventional cuts. The propylene and 
butylene recovered in the absorption 
system are catalytically polymerized to 
yield polymer gasoline. 


Since this study is concentrated on 
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liquid fuels, neglecting by-product 
chemicals, the product water from the 
reactor is subjected to distillation to 
concentrate the water-soluble chemicals 
as a distillate. This fraction is passed 
through the isoformer to convert the 
oxygenated materials into olefins and 
augment the hydrocarbon yields. 


Economic Comparisons 


A study of the economics of liquid 
fuels from coal and oil shale would 
have littlke meaning without an index 
for comparison. Consequently, a base 
case for fuels from Wyoming heavy 
crude was developed. This oil was chos- 
en as the least desirable of current 
crudes and the first increment of crude 
production which could be replaced by 
other sources of liquid fuels. A case 
utilizing Gulf Coast natural gas as a 
synthesis raw material was also devel- 
oped. 

In evaluating these various raw ma- 
terials as sources for liquid fuels, a 
number of important factors must be 
considered. Transportation charges are 
important in the costs of the finished 
product, and it was elected to develop 
cost data for all cases on the basis of a 
market centered at Chicago. 


Choice of raw material source is like- 
wise of considerable economic signifi- 
cance and was carefully made. Selec- 
tion of a source of oil shale falls rather 
obviously to the region near Rifle, Colo- 
rado, with the shale oil refinery -lo- 
cated at Chicago as previously men- 
tioned. For the bituminous coal case, a 
location near Vincennes, Indiana, was 
chosen as combining adequate coal de- 
posits, water, suitable labor supply, and 
rail transportation facilities. In the case 
ef subbituminous coal, however, selec- 
tion of a plant site was not easy, and it 
was finally necessary to compromise on 
a location near Miles City, Montana 
Water, labor supply, and rail facilities 
are adequate at this location, but the 
coal must be brought to the site by 
means of a 60-mile conveyor system. 


From the standpoint of process de- 
sign, the principal difference between 
the subbituminous and bituminous cases 
is the disposition of make (fuel) gas 
in excess of plant requirements. In 
the bituminous coal case, it is assumed 
that this gas could be marketed in the 
immediate area (Southern Indiana) as 
industrial fuel. In the subbituminous 
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coal case, no market disposal appeared 
feasible, so the excess is returned to 
the hynthesis gas generator for recon- 
version to carbon monoxide and hydro- 
gen. This procedure decreases the coal 
requirements per barrel of liquid prod- 
ucts but does involve reprocessing of 
synthesized hydrocarbon gases. Another 
difference in these two cases is that 
the bituminous coal case contemplates 
underground mining while the subbi- 
tuminous coal case employs strip min- 
ing. 

Summary material balances for all 
cases are given in Table I. It may be 
noted that the coal requirements per 
barrel of liquid product are virtually 
the same for bituminous and subbitum- 
inous coal. However, the bituminous 
coal has a net production of by-product 
fuel gas amounting to 0.68 barrels of 
fuel oil equivalent. The subbituminous 
coal case is in fuel balance and does 
not have this by-product. 


Cost estimates were made for each 
of these designs based on high engi- 
neering standards. All utilities and fa- 
cilities in addition to process equip- 
ment were included. In this connection, 
useful indices were obtained from the 
definitive cost estimates prepared for 
the Stanolind Hugoton project for syn- 
thesis of liquid fuels from natural gas. 
Where applicable, raw material mining 
and transportation investments were in- 
cluded. Product transportation invest- 
ments necessary to serve a common 
marketing area were also estimated. 


A comparison of investment costs is 
given in Table II. These costs are ex- 
pressed in dollars per daily barrel of 
equivalent gasoline. Equivalent gaso- 
line is defined as 100 per cent of the 
gasoline yield plus 70 per cent of the 
distillate fuels, plus 40 per cent of the 
residual fuel. This method adjusts dif- 
ferent products to a comparable basis. 


The investment costs for Wyoming 
crude and natural gas include the pro- 
ducing facilities. The large difference 
shown in this item ($6,800 per daily 
barrel vs. $300) is caused by the ap- 
portionment of exploration costs, dry 
hole expenses, etc., which are normally 
charged entirely to crude petroleum 
operations. Also, the drilling and gath- 
ering charges for natural gas are mini- 
mized because of the large deliverability 
of individual wells in the Gulf Coast 
area. These items of investment are 
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TABLE I 
Raw Material Requirements and Products 





eas) cama: saguas ] 


Montana 


| Indiana | Sub- 
Wyoming Natural Oil | Bituminous | bituminous 
Crude Gas Shale | ‘oa Coal 
Raw Material Required per Bbl. of Liquid Prod. | 
Crude Oil, Bbls. . 1.22 
Natural Gas, MCF 11.0 
Oil Shale, Tons (30 gal/ton Assay 1.80 
Coal, Tons... . 0.86 0.90 
Liquid Product Distribution, % | 
Gasoline... . 82.7 91.4 46.3 | 91.4 91.4 
Gas Oil 3.5 49.2 | 3.3 3.3 
Residual Fuel 17.3 5.1 4.5 | 5.3 5.3 
Total. . 100.0 100.0 100.0 | 100.0 | 100.0 
By-Products Produced per Bbl. of Liquid Product 
Petroleum Coke, Bbl. (Fuel oil equivalent*) 0.11 0.09 
Net Fuel Gas, Bbl. (Fuel oil equivalent*) | 0.68 
Coal Fines, Tons é | 0.10 0.15 


*Based on fuel oil having 150,000 B.t.u./gal. net heat of combustion. 





TABLE II 
Investment, $/B/CD of Equivalent Gasoline 


RAW MATERIAL 


Montana 


| Indiana | Sub- 
Wyoming | Gulf Coast Colorado Bituminous | bituminous 

Crude | NaturalGas| Oil Shale | Coal | ‘oal 
Producing or Mining $6,800* | $ 300° $1,100 | $1,200 | $ 1,100 
Raw Material Transportation 400 1,000 | 100 | 2,800 
Processing 2,700 5,500 8,200 11,200 11,200 
Product Transportation | | 200 | 800 
Operating Investment $9,500 | $6,200 $10,300 | $12,700 $15,900 
Housing 1,400 1,200 2,300 

Total Investment $9,500 $6,200 


$11,700 $13,900 $18,200 





*All exploration Costs, dry hole expenses, etc. are charged against crude oil operations without apportionment to natural gas 
operations. 


TABLE III 
Raw Material Cost (or Price) at Mine or Wellhead 


| 
Direct Costs Plus 6%/Yr. Direct Costs Plus 14%/Yr. 
| on Mining Investment on Mining Investment 


Unit | Direct | for Depreciation (10 Yr. Payoff after 
Raw Material Price Costs | and Interest Income Taxes) 
Wyoming Crude $/Bbl. 2.09" 
Gulf Coast Natural Gas ¢/MCF 12* 
Colorado Oil Shale $/Ton 0.80 0.88 0.99 
Indiana Bituminous Coal $/Ton 2.54 2.75 3.03 
Montana Subbituminous Coal $/Ton 1.39 1.58 1.83 





*Market price assumed. 


TABLE IV 
Cost of Liquid Fuels Expressed as Cents Per Gallon of Equivalent Gasoline 








| Montana 
. | Indiana Sub- 
Wyoming Natural | Oil Bituminous | bituminous 
Crude Gas | Shale Coal Coal 
Direct Costs 
Raw Material 6.8* 3.3° 4.1 5 3.1 
Raw Material Transportation 1.4 0 1.8 0.1 0 
ery 2.8 4.2 7.0 7.9 7.9 
Product Transportation 0 2.1 0 0.1 04 
Subtotal 10 | 96 29 | 135 | 122 
Less By-Products Credits 1.3 | 0 0.5 } 3.2 0.3 
Total Direct Cost 9.7 9.6 12.4 03 | 19 
Direct Costs Plus 6%/Yr. on Investment for De- 
preciation and Interest %.7* 11.9°* 16.4 15.3 | 18 1 
Direct Costs Plus 14%/Yr. on Investment (10 Yr. 
Payoff After Income Taxes 12.2°° 15.0°* 22.5 22.5 27.6 








*Based on market price. 
**Do not include charges on investment for raw material production facilities. 
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shown for comparative purposes but 
were not used in the preparation of 
final product costs since crude and nat- 
ural gas were assumed to have been 
purchased at a market price. 


The comparative raw material costs 
are given in Table III. In the costs for 
shale and coal, all items of expense 
including management, overhead, roy- 
alties and production and _ property 
taxes were considered. The price of 
$2.09/bbl. for Wyoming crude is based 
on a posted price of $2.04 for 28° 
A.P.I. gravity and a gathering charge 
of $0.05 per barrel. The 
12c/MSCF for natural gas is represent- 


price of 


ative of the average price which might 
be obtained under a long-term contract 
for Gulf Coast natural gas gathered to 
a central point. Although the Bureau of 
Mines estimate for shale 
amounted to 60c/ton, this study yielded 


mining 


80c/ton direct cost and 99c/ton with 
14 per cent charges on investment. 


The estimated costs of liquid derived 
from these raw materials are shown in 
terms of equivalent gasoline in Table 
IV. It will be noted that direct costs 
are separated into several categories. 
The raw material cost was obtained 
from the values shown in Table III. 
Raw material transportation includes 
the cost of moving the raw material 
from a central point at the source to 
the processing site. For the oil shale 
case, however, the cost of transporting 
the vis-broken shale oil via pipe line 
from the retorting site at Rifle to the 
refinery site at Chicago was included 
under raw material transportation. Like- 
wise, the raw material transportation 
charge for Wyoming crude covers de- 
livery of crude oil via pipe line to a 
Chicago refinery. In the natural gas 
and coal cases, product transportation 
costs to the marketing area are included. 
The by-product credits include such 
items as excess fuel gas, petroleum 
coke, and coal fines. 


Charges for depreciation plus inter- 
est or return on the investment must 
be included to ascertain the true com- 
petitive relationship between _ these 
sources of liquid fuels. Capital charges 
at 6 per cent per year (4 per cent deé- 
preciation and 2 per cent interest on 
the borrowed capital) represent a re- 
turn of investment but nonprofit oper- 
ation over 25 years. At 14 per cent per 


year, the profits after income taxes 
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TABLE V 
Comparative Estimates of Liquid Fuel Costs 





Raw Material | Natural Gas 


Source | Gulf Coast 


Standard Oil 


| Oil Shale Bituminous Coal 


Colorado East of Mississippi River 


Standard Oil Standard- | Standard Oi 


Company Standard- Standard- « 
Stanolind Dev. Co.* Stanolind Dev. Co.* Stanolind Dev. Co.* 
Market Midwest | East Coast Midwest California Midwest East Coast 
, — Ee fae 
Investment/bbl. of Total Product /CD | | 
(Including raw material and trans- | | — 
portation) $6,000 $7,100 $9,700 $8 ,600 $13 ,300 $9,600 
Raw Material Cost 12¢/MSCF | $0.99/T $3.03/T 
| 
GASOLINE COST (Including 15% 
charges on investment) | | ¥ P ais 
Raw Material ¢/gal. 3.3 3.0 5.1 4.7 6.5 3.7 
Manufacturing and Transporta- ‘ 
tion Less Credits ¢/gal. | 12.7 10.0 17.4 } 14.0 16.0 16.0 
Total at Market Center, ¢/gal. 15.0 13.0 | 22.5 | 18.7 22.5 19.7 


} 


*Data from paper by Murphree, Ghor, and Barr, A.I.Ch.E. Regional Meeting, Tulsa, Oklahoma, May 9, 1949 


would pay off the investment in about 
10 years. It will be noted that the addi- 
tion of capital charges to the direct 
costs for coal and shale places the 
total cost far above the level for Wyo- 
ming crude and natural gas. On the 
other hand, synthetic products from 
natural gas can compete today with 
products from purchased crude if the 
competitive marketing area is judicious- 
ly selected. 

The foregoing discussion is all based 
on the current technological status of 
synthetic fuels from coal and _ shale. 
Present synthesis developments indicate 
that several phases of the processes are 
subject to much improvement. Although 
it is dificult to evaluate quantitatively 
the effect of possible improvements on 
the cost of synthetic fuels, such a com- 
putation is desirable to indicate the 
probable benefits to be derived from 
future research work. Several process 
improvements in coal synthesis, such as 
use of lower H,:CO ratio and improved 
methods of coal gasification, are be- 
lieved to have an even chance of accom- 
plishment. If all of these improvements 
can be realized, the cost of equivalent 
gasoline from Indiana bituminous coal 
could be reduced from 22.5c/gallon to 
17.0c/gallon. These costs should be 


compared with 12.2c/gallon for equiv- 
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alent gasoline from Wyoming crude. 
Reductions are also possible in the 
costs of manufacturing liquid fuels from 
oil shale. 

Numerous other estimates of the costs 
of liquid fuels from sources other than 
petroleum have been published. Bureau 
of Mines spokesmen’ have quoted in- 
vestments of $3,100/per daily barrel of 
$5,300 
daily barrel from natural gas, 
$8,000/per daily barrel from coal (in- 


cluding mining). Direct comparison of 


capacity from oil shale, per 


and 


most previously published estimates 
with those obtained in this study is 
impossible because the basis and scope 
of these estimates were not given or 
were not detailed. However, the results 
of a similar study by Standard Oil De- 
velopment Company were given” in suf- 
ficient detail to permit a comparison as 
indicated in Table V. These data have 
been adjusted to a common raw mate- 
rial cost, but charges on investment 
were unchanged because Standard Oil 
Development Company used 15 


cent while, in this study, 1 per cent ad 


pel 


valorem tax had been included in man- 
ufacturing costs prior to addition of 
14 per cent charges on investment. 
For the natural gas cases, the differ- 
ences in manufacturing and transporta- 
tion costs may be due to a combination 
of the transportation charges to differ- 


ent markets and the crediting of by- 
products. For the oil shale cases, a simi- 
lar discrepancy may be due, in part, to 
the same factors. 


The bituminous coal estimates show 


a marked difference in raw material 


costs. The Stanolind case has a low 
liquid product yield. However, it con- 
sequently produces a large quantity of 
by-product gas which, as a credit, re- 
duces the manufacturing costs. Some 
portion of the 2.8c/gallon difference is 
attributable to the inefficiency of the 
Stanolind case introduced by conversion 
of generator gas to a higher H./CO 
ratio. 

In general, the agreement between 
these estimates is considered to be quite 
good. The fact that Stanolind estimates 
are consistently high reflects the basic 
conservative premise that the designs 
would incorporate prove processes with 
a minimum reliance on untested techno- 
logical improvements. As was previous- 
ly mentioned, eventual validation of 
some of these probabilities could re- 
duce the estimated costs of synthetic 
gasoline from coal from 22.5c/gallon 
to 17¢/gallon. 

In summary, the production of liquid 
fuels from oil shale or coal is in an 
immature state of technical develop- 
ment. It can be expected that continued 
research will result in process improve- 
ments which will effect significant re- 
ductions in the investments, operating 
costs, and raw material requirements 
involved in synthetic liquid fuels manu- 
facture. 

From the standpoint of economics, 
this study shows that, at present, liquid 
fuels 


compete with those derived from crude 


from oil shale and coal cannot 
petroleum. Natural gas as a raw mate- 
rial may or may not be competitive, de- 
pending on the relative locations of 
raw material and 


supply product 


markets. 

Based only on present technological 
status and estimated products costs, a 
choice between coal and oil shale as 
alternate raw materials for liquid fuels 
production cannot be made. Future re- 


search on these processes, however, 
should indicate which process _ is 
superior. 
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EFFECTIVE TECHNICAL SPEAKING—— 


Boils down to two key factors — Preparation and Delivery 


PREPARATION 


The most important requisite of preparation is a complete 
knowledge of your subject. You should know it so well that you 
can talk about it spontaneously. This is the secret of speaking 
without being self-conscious. 

Next is organization of material. It should be in a definite 
sequence, which you should know so well that you can present it 
without thinking about what comes next. The basic organization 
for a technical talk is: (1) Introduction, (2) Description of 
equipment or process, (3) Presentation of data, (4) Interpreta- 
tion of data, and (5) Conclusions. Whatever form you use, organ- 
ize yourf material so that you can completely present one step 
before going on to the next. Changing back and forth confuses 
your audience. 


DELIVERY 
Your cardinal objective here is to make yourself heard and 
understood. The purpose of a technical talk is to communicate 


ideas and information, and if you cannot be heard, your talk 
simply fails, and you fail. If you use a P. A. system, be careful 
that you modulate your voice to the correct volume. If you do 
not use a P. A. system, be sure you speak loudly throughout 
your talk. Know your subject well, and you can give more thought 
to delivery. 


Do not — repeat, do not— read your talk. You can use notes, 
and read tabular matter, but reading of your text matter only 
shows your audience that you do not know your subject well 
enough to speak about it. Caution: do not turn away from your 
audience or microphone while reading charts or explaining slides, 


GENERAL 


Failure to carry out these principles will seriously detract from 
the reception of your talk. Remember — no matter how brilliant 
your ideas, they do not help others, or enhance your reputation 
unless you can express them effectively. 











ROBERT M. RUTLEDGE, JR. 
Robert M. Rutledge, Jr., has been 
appointed Lane-Wells’ Gulf Coast Di- 
vision sales manager with headquar- 
ters in Houston. Rutledge received a 
B.S. degree in petroleum engineering 
from A. & M. College of Texas. He 
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joined Lane-Wells in 1946 following 
his release from the Army. Prior to 
his current appointment, he was as- 
sistant division sales manager in the 
Gulf Coast Division. 


+ 


Harry B. Hill, member of the 
AIME Petroleum Branch since 1925, 
has been awarded the Department of 
Interior’s Silver Medal for 30 years’ 
meritorious service with the Bureau 
of Mines. Hill is the author of 16 pro- 
fessional publications dealing with pe- 
troleum engineering subjects and is a 
pioneer in his chosen field of research, 
having started when the specialized 
branch of engineering dealing with 
the exploitation of petroleum and nat- 
ural gas deposits was in its formative 
stage. The medal was awarded July 
17 at the Hill ranch near Green Tree, 
New Mexico, where Hill and his wife 
have resided since his retirement in 
June 1948. The presentation was made 
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by Charles B. Carpenter, supervising 
engineer of the Bureau’s petroleum 
field office at Dallas, Texas, who suc- 
ceeded Hill after retirement. 
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The Function of Petroleum Engineering Departments 


and Their Relationship to Management 


By D. V. Carter, Member AIME, Chief Petroleum Engineer, Magnolia Petroleum Company, Dallas 


Introduction 


Petroleum Engineering is now a for- 
mally recognized branch of engineer- 
ing. To most people the term “Petro- 
leum Engineering,” although appro- 
priate to the refining operation, is con- 
nected with the engineering activities 
of drilling and producing operations. 
Therefore, these comments refer only 
to drilling and producing operation. 
Most of the remarks made here will 
apply to companies or operators whose 
operations are of magnitude to justify 
at least a semblance of a petroleum en- 
gineering organization. In many cases 
smaller operators avail themselves of 
the benefits of petroleum engineering. 
but most of them do not attempt to 
maintain a formal department. 


Development of 
Petroleum Engineering 
Management was not attracted too 
quickly by the possibilities to be de- 
rived from the application of engineer- 
ing to drilling and producing opera- 
tions. The insufficiency of the methods 
developed by trial and error were prob- 
ably responsible for trial experiments 
with engineers; also, it was the idea of 
some alert operators and companies to 
make use of engineering in an attempt 
to gain a competitive position. Then, 
too, even deeper drilling has demanded 
the assistance of technical aid as to 
procedure, technique, and design of 
mechanical equipment. Once started, in 
spite of many “warm-up” mistakes on 
the part of engineers, petroleum engi- 
neering has made consistent headway, 
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D. V. Carter 


and like geology and geologists in the 
exploration field, has become indis- 
pensible to the producing and drilling 
business. 

The field of petroleum engineering 
involves many facets of oil and gas op- 
erations and has now been developed 
to the point where specialization has 
appeared. To mention a few of the rec- 
ognized fields of specialization, viz: the 
reservoir engineer; the secondary re- 
covery engineer, a specialized reservoir 
engineer as some prefer; the engineer 
who chooses to devote his talents and 
attention to drilling problems and drill- 
ing equipment, which also includes the 
important field of mud control. Other 
equally important specializations are 
the proration or conservation engineer, 
which requires considerable knowledge 
of development problems as they relate 
to regulatory body activities. One of 
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the more important specialists is the 
engineer who works -in reserves and 
evaluation. This work provided early 
opportunities for application of geology 
and engineering to the production of 
oil and gas. The above mentioned spe- 
cializations overlap to a considerable 
degree. Last but not least is the engi- 
neer who chooses to become familiar 
with the entire gamut of petroleum 
engineering. 

The field of consultant has assumed 
major importance and widens the op- 
portunity of employment for the engi- 
neer who is adapted to this field of 
endeavor. Many petroleum engineers 
have become operators in their own 
right. This trend can be expected to 
continue and to swell the ranks of so- 
called independent operators. This is 
a healthy condition for a highly com- 
petitive industry. 

The impact of petroleum engineering 
on the industry, like that of geology 
and geophysics, was not entirely pain- 
less. Petroleum engineering pioneers 
experienced the same trials and tribu- 
lations as did other trail breakers. Now 
you younger members, and soon-to-be 
members of this profession and indus- 
try, can confidently look forward to 
participating to a more or less degree. 
as your ability will permit, in one of 
the most fascinating businesses of all. 


Functions 
The functions of a petroleum engi- 
neering department of a company or 
operator are many and diverse. These 
functions may be summarized as fol- 
lows: 
1. To act in an advisory and consult- 
ing capacity to management and 
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the operating departments which 
are responsible for the production 
and field processing of oil and gas 
and drilling operations. 

2. To study, plan and recommend 
operating procedures to effect 
economies and efficiency. Some of 
the specific items are reservoir de- 
velopment, including unitization 
and cooperatives, pressure mainte- 
nance and field processing, includ- 
ing cycling; drilling technique, in- 
cluding drilling mud control, pro- 
duction and drilling equipment, 
secondary recovery, salt water dis- 
posal, reserve and valuation stud- 
ies, cost analysis, affairs pertain- 
ing to regulatory agency proceed- 
ings and numerous other matters. 


3. To train and develop personnel 
suitable for advancement within 
and without the department is a 
principal function. 

The primary function of a petroleum 
engineering department, in general, is 
to act in an advisory and consulting 
capacity to management and the pro- 
ducing department in the technical as- 
pects of drilling for and producing oil 
and gas and some phases of processing. 
Such an all-inclusive basic function 
necessitates specialization of groups 
within the department. Most depart- 
ments have to some extent sub-divided 
their activities. 

A good example of a petroleum engi- 
neering department with multiple func- 
tion — and of course the one with which 
I am most familiar, is the Petroleum 
Engineering Department of Magnolia.’ 
Hence, I shall briefly describe its va- 
ried activities and responsibilities. 

There are essentially two phases of 
activity carried on in the department: 
field work under the direct supervision 
of a district engineer who in turn is 
supervised, to the extent necessary, by 
a division engineer, and the adminis- 
trative work of the chief petroleum en- 
gineer’s office. 

The work ef the chief petroleum engi- 
neer’s office is divided into six sections, 
each under the supervision of a special- 
ist. The principal responsibility of each 
of these groups are: 

(a) Reserves and valuations; 

(b) Proration, hearings, rules and 
regulations, and lawsuits; 

(c) Secondary recovery and salt 
water disposal; ; 
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(d) Mechanical equipment ; 

(e) Production problems and special 
studies ; 

(f) Reservoir engineering. 

Away from the chief petroleum engi- 
neer’s office, the field personnel of the 
petroleum engineering department car- 
ries its responsibilities in their respec- 
tive areas. Their work may be divided 
roughly into two parts: the gathering 
of technical field data, such as bottom 
hole pressures, gas-oil ratios, well tests 
and reservoir data, and working with 
and advising the producing division in 


field operations. The field engineers 
make recommendations and_ reports. 


More detailed operational planning is 
done, when necessary, in conjunction 
with the central office. 


The Relationship of Petroleum 
Engineering to Management 
The prospective or recently-graduated 
petroleum engineer should 
fundamentals in carving out a career. 
The writer considers the 


consider 


following 
points as “musts” to those entering or 
contemplating a career in drilling and 
producing. 

First: Anyone considering attach- 
ment to the petroleum industry should 
consider the route by which he will en- 
ter: either through a professional door 
such as law, geology, or engineering, or 
by starting in any number of jobs in 
the office and the several operating de- 
partments. Having made this important 
decision, he may or may not decide un- 
til midway through his higher education 
as to the particular branch of engineer- 
ing in which he wishes to specialize. An 
early decision has advantages, assuming 
that it is a wise one, for several rea- 
sons. One reason is that he can both 
prove his choice to a considerable ex- 
tent by working summer vacations, usu- 
ally doing roustabout, roughneck or 
various other jobs of an outdoors na- 
ture, or it may consist of a variety of 
related indoor work. This work gives 
him a dual opportunity of not only be- 
coming familiar with the industry at 
the “grass roots,” but it also gives him 
experience that he will have to have 
after graduation. He 
quainted with a prospective employer 
whether it be a major company, con- 
tractor, or non-integrated operator, or 
independent operator. Likewise, the 
employer comes to know the summer 
student employee. In many cases this 


becomes ac- 
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acquaintanceship results in an invita- 
tion to repeat the employment during 
the next summer vacation period and 
so on to the time the prospective engi- 
neer graduates. Practical experience is 
absolutely necessary whether it is 
gained during summer vacation periods 
or after finishing school. One should 
not let his professional feeling prevent 
him from enthusiastically performing 
non-professional duties which amplify 
his professional career. An inclination 
to caste feeling should be suppressed, 
likewise the non-technical supervisor 
should avoid decisions based on easte 
prejudices. 


Second: Anyone should realize early 
in life when preparing to enter the 
selected field of activities for making a 
livelihood that all of his compensation 
will not be in dollar remuneration. 
George T. Christopher, the president of 
the Packard Motor Company, was re- 
cently quoted by John S. Crout’ as 
saying: 

‘Management must abandon 
once and for all the lingering belief 
that workers are interested only in their 
pay checks. People work to live. They 
don’t live to work. It is up to us in 
that 
finds satisfaction in his job beyond and 
in addition to his financial reward.’ ” 


management to see the worker 


Then Crout’ goes on to say: 


“This challenge to the engineer of- 
fers a new opportunity for service. In 
our highly technical production system, 
it will require the engineer to discover 
and develop the mechanisms that will 
give the individual that inner satisfac- 
tion of personal accomplishment. It 
will take the engineer to provide that 
psychic income which man needs to 
enjoy his work and to feel that he has 
some degree of individual importance 
as a person.” 

This 


heartily believe. One should never lose 


is a fundamental in which | 
sight of the fact that contentment and 
the ability to accomplish and contribute 
something has its rewards. Therefore, 
whether one is self-employed or works 
for the other man, in order to attain 
an average or more than average sense 
of accomplishment, a direct hand or 
participation in doing things is one 
basic remuneration quite separate and 
apart from the digits on the pay check 
for those employed or profits above or- 
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dinary expense for those self-employed. 
Economic success usually accompanies 
and is a result of a job well done. Dol- 
lar remuneration alone will never be a 
substitute for a fair degree of partici- 
pating in the planning and executing 
stage of work. This point is of the great- 
est importance to employee-employer 
relationship. It is basic and must be 
considered and put into operation when 
planning the mode of petroleum engi- 
neering department operation with 
which we are here concerned. The dual 
compensation mentioned above is a 
basic requirement of the human being. 
Its need exists for group members of 
large organizations or departments as 
well as the case of the self-employed or 
small organizations. To be a part of an 
organization and participate in its ac- 
is as important as adequate 
monetary Moses “Man 
doth not live by bread only.” 


tivities 
return. said, 

By these remarks concerning the im- 
portance of accomplishment and direct 
participation in all petroleum engineer- 
ing affairs, the writer does not intend 
to minimize the importance of adequate 
compensation for the petroleum engi- 
neer. 

We must then conclude that the dual 
above is the 


remuneration discussed 


most necessary requirement for the 
maintenance of contented workers in 
any mass effort, such as is required in 
the corporate style of organization of 
which petroleum engineering depart- 
ments are a part and with which we are 
here concerned. These requirements are 
of such moment that the organization 
and functioning of petroleum engineer- 
ing departments require initiative and 
controlled aggressiveness if a competis 
tive position is to be maintained or an 
additional competitive advantage 
gained. In either event the public is 
the gainer because increased efficiency 
intensifies competition, resulting in bet- 
ter products at the lowest possible price 
to the consumer. Carried a step further, 
the full import of efficient operation 
means greater recovery of hydrocarbons 
for the nation as well as a higher level 
of economy. 


Third: It should be mentioned that 
one of the principal ways of obtaining 
team work and at the same time indi- 
vidual sense of accomplishment to- 
gether with overall good results in any 
sizeable 


corporate effort is a_ well- 


September, 1949 


planned and thought-out means of de- 
centralizing authority by delegating to 
key supervisors the maximum possible 
amount of authority in petroleum engi- 
neering work. Delegation of authority 
does not necessarily mean that control 
is sacrificed or that 
agerial safeguards are endangered. In 
regard to decentralized authority, Gwi- 
lym A. Price*', president of Westing- 
house Electric Corporation, says: 


necessary man- 


“ ,.. Put men in the right job, give 


them their head, full responsibility, do 
not tell them how to do their work. 
Westinghouse is decentralized. It must 
be that way or be a bureaucracy—an 
impossible way to run a business. Each 
division manager acts as the president 
of an independent company, is expected 
to make his own decisions but accord- 
ing to the overall policy * * * I believe 
the company should be a team of indi- 
viduals loyally bound together by com- 
mon interests. With a setup like that. 
there’s not much chance of anything 
but success.” 


In the engineering phase of the oil 
and gas business initiative and sound 
ideas are extremely profitable. For that 
matter initiative controlled 
and exercised pays big dividends in 
other departments and phases of the 
industry as well as in any activity. A 
properly operated and set up petroleum 
engineering department must be so con- 
stituted as to provide the most favor- 


properly 


able environment, such as adequate 
freedom to initiate, propose, and sug- 
gest good ideas—with a mandatory 
routing of these ideas to the very top of 
the department. This is a very impor- 
tant point in the maintenance of mo- 
rale — it must be observed in depart- 
mental operation. 

The young and inexperienced engi- 
neer, as well as the older experienced 
engineer, should 
reading program as well as participate 
in the study and discussion of matters 
broader than straight engineering. More 
and more of his attention and needs are 


plan a_ continuous 


dependent on a sound basic science 
foundation. He should endeavor to de- 
velop to the utmost logical thinking 
and reasoning and never relax his ef- 
forts to convey his ideas either written 
or spoken. He is in reality a candidate 
for all manner of promotion of trust 
and advancement within his organiza- 
tion. His own contribution directly af- 
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fects, according to ability, to a greater 
or less extent, the company’s growth 
and well being. Therefore it is a cumu- 
lative sort of thing. It is management's 
duty to see that no deterrent or ob- 
stacle is placed in the way of progress 
to do so would result in mediocrity of 
the department with the resultant ef- 
fect on the company’s state of affairs. 
Management’s prerogative is power 
of decision, good or bad. Frequent sug- 
gestions or disapproval should not dis- 
courage. After all the technical man as 
such is not responsible for management 
and management result. You may be a 
good engineer and a poor salesman. 
Efficiency will necessarily result in the 
long run by use of technical personnel 
either within or without management. 


Fourth and lastly: The matter of pro- 
motion and generally getting ahead in 
an organization is one of critical con- 
cern to the petroleum engineer as well 
as management. The ability of an indi- 
vidual in the entirety is difficult of 
measurement 
of time it is revealed provided each man 


~ however, over a period 


has the opportunity to demonstrate his 
ability. The system of maximum delega- 
tion of authority with adequate control 
permits a ready testing of the ability 
to assume responsibility. This ability. 
coupled with good judgment, technical 
ability, and getting along with people 
on a sound basis, without becoming a 
“ves man,” probably sums up the worth 
of an individual as to promotional pos- 
sibilities. 

All of us often hear the expression: 
“He got the breaks.” Some may con- 
sider a promotion purely as a matier of 
chance —in other words, being avail- 
able at the right time. Others think it 
was by influence on the part of man- 
agement without regard to ability — in 
other words: “pull.” No doubt unmer- 
ited reward has been and will be given 
in the way of awarding or deciding of 
promotions. However, in corporate cir- 
cles, this is rarely the case for the 
simple reason that promotion in reality 
requires the satisfactory handling of the 
greater responsibility and thereby re- 
quires proof of worthiness to receive in- 
creased compensation. Therefore an un- 
merited promotion is still subject to 
proof by performance on the part of 
the individual promoted. 


It is quite another matter to answer 
the question of what every ambitious 
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and capable engineer will ultimately 
ask himself, namely: “Will there be 
enough places to promote all the ‘good 
men’.” In the first place, let me say that 
here again many avenues of promotion 
must remain open and stay open by 
managerial planning for petroleum en- 
gineering. Inasmuch as some engineers 
will have the ability to supervise non- 
engineering operations, many of the 
larger companies who maintain petro- 
leum engineering departments are con- 
stantly placing and later promoting 
men in the drilling and production de- 
partments. The “breaks” for “mass 
promotion” can and do occur if a par- 
ticular company suddenly finds itself 
in the fortunate position of making im- 
portant discoveries of oil and gas — or 
in less frequent cases purchases of 
property . 


The engineer who is changed over to 
non-technical supervisory work should 
guard against the abandonment of his 
technical training and experience. T. C. 
Frick’ has the following to say: 


“Occasionally, petroleum engineers 
promoted to supervisory positions de- 
light in casting off their engineering 
cloaks and boasting that they are no 
longer engineers but that they can 
handle all problems. Such men were 
either poor engineers to begin with or 
have not been able to keep abreast of 
petroleum engineering developments 
nor acquire the skills that a supervisor 
must possess. Every supervisor has five 
fundamental responsibilities in carry- 
ing out his duties; a supervisor is re- 
sponsible for equipment, costs, methods, 
men, and policy. Problems involving 
equipment costs, and methods are fa- 
miliar to the petroleum engineer be- 
cause he has been trained to work with 
these items. Problems involving men 
and policy are strange to the petroleum 
engineer so he must train himself to 
handle these problems in order to be- 
come a good supervisor.” 


This has happened. One of the ob- 
jectives of creating multiple opportuni- 
ties for promotion of the petroleum en- 
gineer is that a common ground of 
understanding will ultimately be 
achieved by having experienced men of 
scientific and engineering background 
dealing with each other. If a former 
engineer allows himself to disregard 
sound fundamental engineering think- 
ing it will defeat the objectives of pro- 
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viding trained men in all key positions. 
Instead a former engineer occupying 
the position of superintendent or man- 
ager should grow individually as well as 
promote and encourage better engineer- 
ing relationship with engineers. The 
engineer who progresses within the pe- 
troleum engineering department will 
devote more and more of his time to 
administrative and supervisory duties— 
thus his line of promotion may be ulti- 
mately into management and executive 
departments as well as the engineer 
who left petroleum engineering earlier 
to transfer into field operating depart- 
ments. An engineer should be able to 
arrive in top management by several 
different routes, under broad gauge 
management policy. 


The promotion of trained personnel 
in the oil and gas business has been 
evolutionary in character as in other 
industries. Higher education is no guar- 
antee of a position of influence within 
an organization nor is it assurance of 
success. Such a man does have the ad- 
vantage. He must compete, because his 
employer must compete. If he is in busi- 
ness for himself he still must compete 
— therefore ability is always a funda- 
mental requirement and agrees with 
his rights to “Liberty and the pursuit 
of happiness.” 


The engineer will with time analyze 
and weigh his future with his present 
employer and compare promotional op- 
portunities with those offered by other 
companies. He will not fail to consider 
any opportunities to go into business 
for himself. It is repeated that in the 
writer’s opinion it is a healthy condi- 
tion for the industry that a portion of 
the experienced technical men do enter 
the exploration, producing and drilling 
phases of the industry. The fact that 
they can and do succeed is proof that 
the petroleum industry is extremely 
competitive. The appearance of engi- 
neers and geologists in the rank of indi- 
vidual or so-called independent opera- 
tors will result in still greater competi- 
tion. This is as it should be. 

And lastly, every individual, whether 
he be an executive, engineer or occupy- 
ing a managerial position in production 
and drilling departments, has his re- 
spective boss. The executive head has 
probably one of the most exacting 
bosses — the stockholders. 


Important matters which greatly af- 
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fect morale and the effectiveness of an 
organization and its subdivisions-inter- 


departmental relationships are: 
Managerial leadership; managerial 
fairness, and employee fairness. 


Managerial leadership is the crucial 
element in any organization or sub- 
division of any organization — for ex- 
ample: a department. In the beginning 
management was responsible for the 
founding of an enterprise. Its fortunes 
thereafter were directly related to the 
skill and ability of its leaders. Manage- 
ment, in order to cope with the many 
problems, not only to maintain and con- 
tinue its existence in business, had to 
avail itself of every legitimate means 
and of every opportunity to expand its 
activity to promote its growth. Growth 
and expansion of an individual’s busi- 
ness, a partnership or a corporation or 
company, is not a happen-so. It is true 
that fortunate “breaks” or opportuni- 
ties present sometimes, 
when least expected. Likewise over a 
period of time we all know undesirable 
events, conditions and circumstances 
tend to balance out the fortuitous op- 
portunities, which means that over a 
period of time the cyclic effects trend 
toward an algebraic zero. Therefore we 


themselves, 


can assign the reason for the existence, 
and perhaps in most cases the growth, 
of a commercial enterprise to be due to 
sheer ability in the broadest sense. 
Sheer ability as used herein constitutes 
all the attributes necessary to the in- 
ternal good health of a business plus 
good relationship with all it has deal- 
ings with and the performance of a 
public service. It is a fundamental 
premise that executives, management 
and department heads possess self- 
starting ability. 

As time goes on new talent must be 
supplied for continued business health. 
Personnel depreciation is as real as 
the depreciation of physical facilities 
or the depletion of an oil and gas reser- 
voir. It could be said then that man- 
agerial leadership must perpetuate it- 
self if the business in question is to 
continue its existence. Managerial lead- 
ership can very well be compared to 
the mainspring of a watch— it must 
be elastic but it must not snap. 

Managerial fairness may be defined 
as the commercial application of the 
“Golden Rule” applied with business 
acumen. Managerial fairness not only 
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includes the creation of policy wichin 
and without the company and its pub- 
lic relationship, but what we are here 
concerned with — the fair treatment of 
its employees. To achieve a high degree 
of managerial fairness is no mean ac- 
complishment. On it depends, to a 
great extent, the morale of employees. 
In the broadest sense, it is the corner- 
stone of satisfactory employer-employee 
relationship. 


Employee fairness is an equal re- 
sponsibility to managerial fairness. The 
thoughtful and considerate technical 
employee does realize that the proper 
employment of management, technical 
skill and capital with the aid of others 
is necessary if they are to gain a satis- 
factory livelihood and the public to be 
benefited. 


Of late years all of us have been 
aware of the attention focused on the 
matter of fair compensation. It affects 
all from the top “boss” to the latest and 
most inexperienced employee. Its solu- 
tion is always the application of the 
Golden Rule. We must always keep in 
mind that only so much is available 
for the continuance of the establishment 
in business, for capital rent — dividends 
and adequate compensation for the ef- 
forts of all the employees, management 
included. The same holds true for the 
man in business for himself. Manage- 
ment, like all employees, has a real 
boss —the stockholders. Management 
has to realistically “make good” just 
as employees do. Managements are com- 
petitive as are employees. Thus we see 
that in reality there is no difference in 
principle between the obligations of 
management and employees—they must 
both make good if they are all to con- 
tinue in business. 


The writer has long held to the opin- 
ion that the employer and the prospec- 
tive engineer employee should consider 
and examine each other on a fifty-fifty 
basis. Managements of progressive or- 
ganizations realize that employment of 
engineers is strictly a mutual affair. 
The prospective technical employee con- 
siders the company’s reputation for fair- 
ness in dealing with promotion, his 
opinion of its management, particularly 
as it affects its ability to stay in busi- 
ness and provide promotional opportun- 
ities. The matter of compensation and 
salaries is important but not paramount. 
The engineer and prospective engineer- 
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employee are looking very hard at man- 
agerial policy concerning supervisory 
and work relationship as well as ade- 
quate dual remuneration as discussed 
before: 

In the beginning man was in business 
for himself, consequently he was an 
independent thinker from necessity for 
his existence. Then it is only natural 
that as mass effort has grown into what 
we now know as the corporate form of 
business organization, differences should 
arise. This brings us to the point em- 
phasized earlier in this paper that a 
very important part of the technical en- 
gineer’s compensation comes in the 
form of accomplishment — as it does 
with anyone who takes pride in his 
skill of accomplishment. 

In order to provide a_ satisfactory 
plan for both employer and engineer, 
the minimum of supervisory control and 
the maximum of freedom in carrying on 
his work is desirable. It is desirable 
because man inherently is freedom lovy- 
ing. Under these conditions the able 
survive and the inefficient and those 
lacking initiative will prove to be 
mediocre at best. Adequate instruction, 
advice and support are requisites to the 
smooth operation of any well managed 
petroleum engineering department. 
However, it must be constantly kept in 
mind that petroleum engineers are as 
a group educated and ambitious and 
are therefore appreciative of the op- 
portunity to develop and demonstrate 
their prowess. 


Conclusions 

1. Petroleum engineering has estab- 
lished itself as a recognized profession 
and an integral part of the oil and gas 
business. 

2. Opportunities for promotion with- 
in large organizations are unlimited. 
Many executives came up through the 
petroleum engineering route either di- 
rectly or after serving a turn in super- 
visory and management positions. 

3. Opportunities are great for those 
inclined to research work. 

4. More and more engineers will fill 
supervisory and management positions. 

5. Competition will continue to de- 
mand the employment of scientists and 
engineers throughout all levels of the 
oil and gas business. 


6. Management will be wise to pro- 
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vide the environment necessary for a 
sense of job accomplishment. 


7. The application of the Golden 
Rule on the part of both management 
and the engineer-employee will greatly 
assist in the furtherance of desirable 
relationship. 


8. Alert management is looking hard 
at what they consider promising engi- 
neering personnel. Likewise manage- 
ment should realize that engineering 
personnel is examining management 
personnel rather closely. 


9. Management should recognize ac- 
complishment. 
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Preparation of Lantern-Slide Copy 


A condensation of a paper by Carl A. Moore®* published in the Bulletin of the American Association 


of Petroleum Geologists, October, 1942. Printed with permission of AAPG. 


Introduction 


It is intended to present here, by for- 
mula, a standardized procedure and 
technique for use in drafting maps, 
charts, tables, et cetera, 
slide presentation. 


for lantern- 


It is to be emphasized that the de- 
fects in lantern slides are attributable 
largely to faulty drawing techniques in 
the preparation of the original material. 
A formula is provided which provides 
the quantitative answer of “how much 
bigger” lettering and figures must be 
in order to be legible for lantern slide 
reproduction. 


Types of Lantern Slides 

Several types of lantern slides can 
be made in both the 314 x 4-inch and 
2x 2-inch size. At present 314 x 4-inch 
glass slides are accepted in the United 
States as standard. Due to the reduced 
cost, small filing space required, and 
the portability of the smaller equip- 
ment, the 2 x 2-inch glass slides printed 
directly on the glass, though less com- 
mon, are in frequent use. 


Fig. 1 is an illustration of the stan- 
dard United States lantern slide, meas- 
uring 314 x4 inches, with a height-to- 
width ratio of about 0.8 to 1.0. Because 
of the necessary border mat and bind- 
ing, the maximum size of the actual 
image on a standard lantern slide is 
about 25 x 314 inches. 


General Techniques 

While lantern-slide projections are 
essential for the efficient presentation 
of many technical papers, it is to be 
realized that the slide is only an illus: 
tration. It presupposes an explanation 
by the speaker and usually can not be 
complete within itself. With this in 
mind the following general rules may 
be laid down. 


* Research Geologist, Standard Oil Develop- 
ment Co., New York, N. Y. z 
1 References are given at end of paper. 
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FIG. 1— ILLUSTRATION OF STANDARD UNITED STATES LANTERN SLIDE SHOWING DIMEN- 
SIONS OF SLIDE AND DIMENSIONS OF ACTUAL IMAGE, ALLOWING FOR NECESSARY BORDER 
MAT AND BINDING. 


1. The lantern slide should present 
one central idea and should be free 
from all lettering and lines that are not 
essential to a clear understanding of its 
message. The number of words on a 
chart should be held to a minimum (15- 
20 words, for example). 


nN 


Supplementary data or formulas 
should not be shown unless positively 
necessary, in which case they should 
be isolated in position and enclosed by 
a light line border. 


3. A ratio of 0.8 to 1.0 should be 
followed when comparing the vertical 
and horizontal dimensions on the origi- 
nal copy. 


4. The visibility of parallel 
which are close together is about half 
of that of a single line with a wide, 
contrasting background. This is of in- 


lines 
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terest because it aids‘ in determining 
the approximate minimum width of 
line for the lettering. 

5. The space between letters or rows 
of lettering should be at least twice the 
thickness of the drafted lines forming 
the letters. 

6. Lines composing the ruling for 
charts may be made 34 the width of 
the minimum single line and should be 
at least 14 the width of any line drawn 
on the chart. It is not necessary that 
rulings on charts shall have 100 per 
cent visibility. It is more desirable that 
these lines shall be inconspicuous.’ 

7. In lettering lantern-slide copy with 
the standard lettering guides (Leroy or 
Wrico guides) a finer pen than is ordi- 
lettering drawings 
should be used. The finer lines of the 


narily used for 


lettering make much clearer copy and 
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keep the letters from “filling up” when 
the copy is reduced to lantern-slide size. 
Also the letters should be spaced far- 
ther apart to allow for better legibility 
when projected. This is important. 


The following pens for standard let- 
tering templates are recommended for 
lantern-slide copy. These 
pens finer than those ordinarily 
used in drafting work. See Table 1. 


preparing 
are 


Wrico Pen 


Original Copy Number 

General 4or5 
The major problem in the prepara- 
tion of legible lantern slides is in the 6 
preparation of the original copy. For : 


this reason the recommended minimum 
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FIG. 2— GRAPHIC REPRESENTATION OF MINIMUM HEIGHT OF LETTERS 
NECESSARY FOR LEGIBILITY, FOR GIVEN AUDIENCE DISTANCE, GIVEN 
SIZE OF ORIGINAL COPY, AND FOR VARIOUS PROJECTION 
SCREEN WIDTHS. 
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requirements for legible lantern slides 
discussed here deal entirely with the 
original lantern-slide copy. 


Minimum Height of Letters 
Arthur Knapp’ presented a formula 
specifying the minimum width of lines 


Leroy Pen 
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on original lantern-slide copy that is 
necessary to insure legibility when the 
slide is projected on a screen. This 
formula took into consideration the fol- 
lowing three controlling factors govern- 
ing the legilibity of lantern slides: (1) 


TABLE 1 — RECOMMENDED PEN Sizes FOR STANDARD LETTERING TEMPLATES 


For Use in PreparInc LANTERN-SLIDE Copy 


Nominal Letter Wrico Pen Line Width 


Number Height (Inches) Number (Inches) 
2or3 0.240 6 0.025 
2 0.200 7 0.017 
P erie Sse 
_— Leroy Pen 
I 0.175 Number 
0 0.140 2 0.024 
0 0.120 0 0.017 
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FIG. 3— GRAPHIC REPRESENTATION OF DISTANCE FROM EYE THAT 
COPY MUST BE READABLE IN ORDER TO BE LEGIBLE WHEN PROJECTED 
ON SCREEN. THIS TAKES INTO CONSIDERATION MAXIMUM AUDIENCE 
DISTANCE, WIDTH OF ORIGINAL COPY, AND WIDTH OF PROJECTION. 
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FIG. 4— DIAGRAM TO DEMONSTRATE SIZE OF LETTERS VISIBLE AT GIVEN AUDIENCE DIS- 
TANCES. VALUES HAVE BEEN INCREASED BY ONE-THIRD: TO ALLOW FOR DIFFUSION OF 
IMAGE ON PROJECTION AND FOR SMOKE AND HAZE IN LECTURE ROOM. 


section for a talk, the following pro- 
cedure may be followed. 


1. Photostat the large diagram down 
to a convenient but smaller size, maxi- 
mum about 20 to 24 inches. 


2. Trace the drawing on the reduced 
scale, omitting all the details and stress- 
ing only the significant points, forma- 
tion boundaries, and such, that are nec- 
essary for the talk. 


3. Take care to determine the mini- 
mum size of letters necessary for the 
20 to 24-inch original copy size. 


4. Bear in mind always that a lan- 
tern slide is “only an illustration. It 
presupposes an explanation by the 
speaker and usually can not be com- 
plete within itself.” 


Typewritten Copy 


The impression made by a typewriter 
appears, to the naked eye, to be a con- 
tinuous ink impression. When magni- 
fied, however, the impression is found 
to be a series of irregular blotches 
made by the threads of the typewriter 
ribbon upon the irregular surface of the 
paper. It is for this reason that type- 
written copy makes poor lantern-slide 
copy. 

Where typewriter type must be used 
on a chart or on a statement, it may be 
found necessary to strike over each let- 
ter two or three times to produce a 
uniform black impression. This is essen- 
tial in order to obtain as nearly as pos- 
sible the same density as the India ink 
on the chart. 
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If great speed is necessary and a 
typewriter must be used, the largest 
size Pica type is recommended. The let- 
ters of the typewriter should be care- 
fully cleaned, and a hard paper and a 
new ribbon should be used. An elec- 
tric typewriter with a carbon ribbon 
makes the best typewritten copy. 


The size of the original chart, when 
a typewriter is used, should be reduced 
to about half of an 814 x 11-inch page. 
The material should not be crowded on 
the chart — double spacing on the half 
page will give a legible slide, for aver- 
age projection conditions. 


A special typewriter with 14-inch let- 
ters can be used in making charts for 
legible lantern-slide copy. The charac- 
ters on the typewriter must be struck 
over several times to give a dense black 
line. This typewriter does not produce 
as neat results as do lettering guides, 
but for rush work the speed more than 
offsets the lack of appearance. To make 
the regional, the chart is first laid out in 
pencil and the base and border lines 
drawn with India ink. The printed mat- 
ter is typed last to avoid smudging of 
the typewriter impressions as much as 
possible. 


Judging Lantern-Slide Copy 

Ordinarily, it is desirable to study a 
chart or a map to decide whether it 
will make a legible lantern slide. The 
approximate visibility of copy may be 
judged by placing it at a distance from 
the eye as determined from the follow- 
ing formula, modified from Knapp.’ 
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_ Ac 
~ 2p 


e = Feet from eye to copy 


e 


= Maximum audience distance in 
feet 


Width of copy in inches 


~ 


P = Width of projection upon the 

screen, in feet 

When height of copy is more than 
0.8 of the width, then c = 1.25 x height 
and not width of copy. 

For a maximum audience distance of 
40 feet, width of copy 20 inches, and 
width of projection 7 feet, the lettering 
on the copy must be legible at a dis- 
tance of 9.5 feet in order to be legible 
when projected on a screen. Fig. 3 is a 
graphic representation of the distance 
from the eye the copy must be readable 
in order to be legible when projected on 
the screen. These curves give values for 
any audience distance, with a given 
width of original copy for a given pro- 
jection. They also afford a rapid means 
of determining graphically the legibil- 
ity of lantern-slide copy for given con- 
ditions of projection. The figure can 
be used instead of the formula for most 
work. Data for various projection screen 
widths are included, and values for in- 
termediate data may be interpolated 
from the data given. 

Fig. 4 is a diagram prepared to 
demonstrate the size of letters that are 
visible for normal eyesight at given 
audience distances. Thiis diagram has 
been prepared from a study of ophthal- 
mological charts, tests with a large 
number of people, and by taking into 
consideration the conditions under 
which standard projectors are used. It 
calls for approximately one-third larger 
letters than the regular optical charts 
published by the American Optical 
Company. This increase in size makes 
allowance for considerable diffusion 
upon projection and for the smoke and 
haze that are always found in lecture 


rooms, 


Negative Lantern Slides 
Visibility is a function of the bright- 
ness contrast and the resolving power 
of the eye. Lantern slides are usually 
made as “positives,” that is, they have 
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maximum size of lecture room, or maxi- 
mum audience distance, (2) size or 
width of original lantern-slide copy, and 
(3) size or width of screen on which 
lantern slide is to be projected. 


He discussed the minimum line to be 
used in forming letters and also the 
height of letters. The following for- 
mula for the minimum height of letters 
was modified from Knapp’s original 
formula and discussion. 


Ac 
h=00018 — ... (1) 
P 


h = Height of letters in inches 
{ = Maximum audience distance in 
feet 
c = Width of original copy in inches 
P= Width of projection onto a 
screen, in feet. (This is usually 
80 per cent of the width of 
screen ) 
When the height of the copy is more 
than 0.8 of the width, then c = 1.25x 
height of copy, and not width of copy. 


Thus, on the assumption that the 
maximum audience distance is 50 feet, 
that the width of the original copy is 
20 inches (multiple of standard page 
size, leaving margin), and that the width 
of projection is 7 feet (with an 8-foot 
screen), the minimum height of letters 
should be 0.21 inch (equivalent to Le- 
roy and Wrico template No. 200). 


The charts illustrated in Fig. 2 are 
based on the foregoing formula (1), 
and afford a rapid means of determin- 
ing graphically the desired minimum- 
height information. They can be used 
instead of the formula for most work. 
The charts include data for various 
projection-screen widths. Values for in- 
termediate data may be _ interpolated 
from the charts. 


In case the size of the room and the 
size of the screen are not known in 
advance when the lantern-slide mate- 
rial is being drafted, the values for a 
50-foot maximum audience distance and 
an 8-foot screen may be used. These 
values will provide legible projection 
for the usual smaller lecture rooms. 
Large auditoriums will require still 


larger values. 


Any draftsman, in preparing lantern- 
slide copy, can use the foregoing charts 
for the minimum size of letters and use 
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larger letters for titles, main headings, 
et cetera. Any lettering smaller than 
the foregoing values will not be legible 
when projected on a screen, under the 
given set of conditions. 


Curves” 

The curve is the most important ele- 
ment of a chart and should have the 
heaviest weight (thickness) of line to 
differentiate it sharply from the back- 
ground. 


Ordinarily, not more than three 
curves should be shown on the same 
chart. This limitation does not apply, 
however, to “families” of curves which 
are similar in shape and are well 
separated. 

If the curve represents a series of ob- 
servations, the observed points should 
be shown, provided that they give addi- 
tional essential information about the 
character of the data or about the re- 
liability of the curve. Observed points 
should preferably be represented by 
circles or other closed symbols rather 
than by crosses. For such symbols, a 
minimum width of line should be used. 


Grid Rulings* 

Grid rulings on a graph or chart 
should be limited in number to those 
necessary to guide the eye for an ap- 
proximate reading. Closely spaced grid 
rulings such as appear on cross-section 
paper are, of course, appropriate for 
computation charts. In _lantern-slide 
copy, however, such closely spaced grid 
rulings are a definite hindrance to legi- 
bility on charts. 


Grid rulings, including boundaries of 
the grid area but excluding reference 
lines, should have the lightest weight 
(thickness) of any lines on the chart. 


Principal lines of reference, such as 
the zero line, should be made heavier 
than other rulings but lighter than the 
curves. Grid rulings should not run 
through any lettering on the chart or 
through circles representing observed 
points. 


Geologic Maps, Cross Sections, 
and Electric Logs 
In making up maps, cross sections, 
and electric logs for lantern-slide repro- 
duction it is of utmost importance to 
bear in mind the foregoing formula for 
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the minimum height of letters. Charts 
and diagrams are usually made by us- 
ing only two or three different sizes of 
letters. Cross sections and maps, on the 
other hand, should contain a number 
of different sizes of letters for ease in 
reading. These letters should range in 
size upward from the specified mini- 
mum size. 


By using large, thin letters together 
with large, thick letters, it is possible 
to have two different types of lettering 
that vary only slightly in size yet are 
quite distinctive. The use of slanting 
letters adds another type of lettering 
for the drawing. Contrast for legibility 
may thus be achieved by using the size 
lettering guide with thick or thin, verti- 
cal or slanting, letters. 


The lithological lines and symbols on 
a cross section should be considerably 
thinner than the formational boun- 
daries. Such lines should not cross any 
lettering on the drawing but should be 
broken at words. This practice tends 
toward a clearer map or section, and 
the result is more legible. 

The grid rulings on maps, cross sec- 
tions, and electric logs should be the 
thinnest or finest lines on the drawing 

they should be visible but not prom- 
inent. The letters and lines should be 
spaced farther apart on lantern-slide 
copy to allow better legibility when 
projected. 


Land and water areas on a map may 
be differentiated by shading or stip- 
pling. When the water areas are to be 
shaded, the legend and any titles may 
be boxed off. Irregular stippling may 
be used to indicate the shoreline of 
land areas. This technique is especially 
effective when the water area is to be 
tinted on the lantern slide — the land 
area appears to “rise” from the water. 
In case the boundaries on the map 
coincide with a river, a single line may 
be used. 

Perhaps the most important point to 
consider in preparing maps, sections, 
and electric logs for lantern-slide repro- 
duction is the amount of reduction that 
is involved. It is much better proce- 
dure to begin with a smaller original 
diagram for redrafting. Then the re- 
duction to lantern-slide size is not so 
great. If one wishes to prepare a lan- 
tern slide of a large 3-foot map or cross 
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black lines on a transparent back- 
ground. The amount of light reflected 
from the screen generally causes a 
glare, with the result that the retina 
opening of the eye is contracted, and 
visibility is thereby reduced. 

Slides can be made with white lines 
on a black or reducing background, or 
as “negatives.” This procedure cuts 
down the amount of reflected light 
without reducing the brightness con- 
trast, and the visibility is better for the 
same thickness of line. Dark back- 
ground or negative slides are more vis- 
ible and are less tiring to the eye. 

Negative slides tend to heat on pro- 
jection since they absorb all the light 
and heat from the bulb. For this reason 
they are not recommended for general 
use where the projection is to be held 
for a considerable period of time, as in 


the discussion of technical details and 
trends. 
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Preparation of Colored Lantern Slides 


A condensation of a paper by G. Zuloaga* published in the Bulletin of the 
American Association of Petroleum Geologists, October, 1946. 
Printed with permission of AAPG. 


These slides were prepared accord- 
ing to the instruction contained in the 
paper “Preparation of Lantern-Slide 
Copy,” by Carl A. Moore, to insure the 
proper proportions of letters, width of 
lines, and other pertinent details. The 
simple treatment given . . 
smooth texture and adherence of the 
colors was developed by the drafting 
section of the geological department of 
the Creole Petroleum Corporation. 
Moore has pointed out the limitations 


..to insure 


of negative slides, such as their ten- 
dency to heat and absorb light but they 
have many desirable features which 
should make them popular for more 
general use. 

Perhaps the greatest single advan- 
tage of negative slides is their ease 
of preparation and the use of colors. 
Drainage, land boundaries, oil fields, 
pipe lines, geological features, and cul- 
tural details may all be shown on a 
single slide by the use of contrasting 
colors. The original map or chart is 
drawn on white paper in black ink. 
Care is taken to make certain that all 


* Manager of Exploration, Creole Petroleum 
Corp., Caracas, Venezuela. 
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lines to be colored are thick enough to 
yield clear lines on the negative. 

The negative is washed carefully, on 
the emulsion side, with benzine to re- 
move all grease and extraneous matter, 
and allowed to dry. The surface is 
lightly dusted with pumice, by using a 
bit of cotton, and then cleaned with 
the same material. The colors may then 
be applied and will adhere to the film 
readily, yielding a clean sharp picture. 
The same treatment may be given posi- 
tive slides which are generally more 
satisfactory for geologic profiles, col- 
umnar sections, and maps of large 
areas. 

The colors recommended for use on 
slides of this kind are, in order of in- 
tensity, the following: Dark Orange, 
Chrome Yellow, Apple Green, Turpoise 
Blue, Light Red, and Corn Color. All 
of these colors show well on the screen 
when used on negative slides where it is 
desirable to avoid dark colors which 
lack contrast against the black back- 
ground. Dunne’s transparent water 
colors were used on these slides but 
other brands should be equally. satis- 


factory. x K 
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Junior Group Activities 
Pacifie Petroleum Chapter 


By |. A. Marshall, Jr. 


The Junior Section of the Pacific 
Petroleum Chapter met August 11 at 
the Rio Hondo Country Club in 
Downey, California. R. Hawkins of the 
Signal Oil and Gas Co. spoke on sec- 
ondary recovery. 

Hawkins, speaking before 120 mem- 
bers and guests, outlined the prelimi- 
nary data and studies which must pre- 
cede a water flooding project. He 
pointed out that as a general rule 6090 
acre feet of sand are needed before con- 
sidering the installation of water flood- 
ing equipment. A recovery of from 
1,000,000 to 2,000,000 barrels might be 
realized from such a project. Plant 
installation costs of from $7 to $8 per 
barrels of injected water are common 
for the larger capacity injection plants; 
however, the per-barrel cost increases 
to as much as $10 to $12 for small and 
pilot plants. 

All oil fields will not water-flood sat- 
isfactorily, and proper investigation of 
reservoir conditions must be made be- 
fore starting such a project. If acci- 
dental flooding of a field results in 
increased recovery, the possibility of 
success for a water flooding project is 
very good. Accidental water flooding 
was first noticed in some of the eastern 
fields where operators, contrary to local 
ordinances, opened water bearing zones 
and experienced some success by way 
of increased recovery. Some of the fields 
where this phenomenon has been noted 
are: Salt Lake field (12° API gravity) 
and the Midway field, both in Califor- 
nia. Since both of these fields produce 
low gravity crude, it appears that re- 
covery of low gravity crudes by water 
injection is possible. 

All wells abandoned or idle in an oil 
field must be reopened and either 
plugged or the existing plugs checked 
for strength and location prior to the 
initiation of any water flooding project. 
In some old fields, 47 to 55 per cent 
of the wells are abandoned or idle, and 
before consideration can be given to 
the initiation of water flooding, each of 
these wells must be carefully checked. 
In general, an oil field which has ex- 
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perienced good primary recovery. will 
experience good secondary recovery, 
assuming that the reservoir does not 
have an active water drive. A reservoir 
which has experienced 200 barrels per 
acre foot recovery on primary deple- 
tion may yield 200 to 400 barrels per 
acre foot with water flooding. In one 
case, six times the primary recovery 
was realized during secondary water 
flooding. In this case the productive 
interval averaged only 28 feet in thick- 
ness. 

With respect to the large intervals 
usually included in California wells, 
more satisfactory results would be ob- 
tained by flooding relatively short in- 
tervals of sand which have adequate 
shale beds above and below. 

A thorough analysis of an old field 
is made difficult by the fact that rec- 
ords, when they do exist, are usually 
inaccurate and incomplete. However, 
the more information that can be ob- 
tained the better the chance of success. 


Barrier faults, such as are commonly 
found in California fields, can be uti- 
lized very effectively in water flooding 
projects. Also, California sands were 
shown to be no less uniform and con- 
tinuous than sands found in the Brad- 
ford field, Pennsylvania, where water 
flooding has had remarkable success. 
Any field considered for flooding must 
have competent, impervious beds above 
and below it and must not be under 
water drive or have water fingering into 
the zone. The amount of water in the 
zone is of vital importance. The best 
time to initiate a water flooding project 
is as soon as the reservoir has been de- 
termined to be of the depletion type 
(not having an active water drive) and 
as soon as management will allow it. 
In most cases, the drilling of test wells 
for core data is justified; however, it is 
almost impossible to obtain a true pic- 
ture of the oil saturation from core 
data. A zone under water injection can 
have permeability variations of 10 to 1, 
and in some cases 20 to 1 without caus- 
ing undue channeling. The injection 
rate is not directly proportional to the 
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arithmetical average permeability of 
the zone. This was illustrated by the 
speaker with a graph of injectivity 
which showed that at 1000 psi sand 
face pressure the injection rate for a 
zone of 5 millidarcies permeability was 
3 barrels per day per foot of floodable 
sand. However, at the same pressure 
but with a zone of 100 millidarcies per- 
meability, the injection rate was only 
91% barrels per day per foot of flood- 
able sand. Core flushing in a laboratory 
gives an indication of what might be 
recovered with water flooding. How- 
ever, if the residual oil saturation is too 
high, it is doubtful that good recovery 
could be obtained. 

The type of water used can greatly 
affect the efficiency of the flooding proj- 
ect. It has been definitely proven and 
is recognized by most operators that 
connate water, or fresh water chemi- 
cally treated so as to duplicate connate 
water, gives the best results. A large 
volume of inexpensive water is, of 
course, a prerequisite to any water 
flooding project, and this makes water 
flooding impractical in many fields. To 
illustrate the relatively inexpensive op- 
eration of a water flooding project once 
it has been installed, the speaker de- 
scribed a project in the mid-continent 
where 10,000 barrels of water per day 
is injected to obtain 65 barrels of oil 
per day. The economic limit of this 
project is estimated to be 25 barrels 


per day of oil. x Kx * 
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The Journat will post notices of 
men and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF PETROLEUM TECHNOLOGY, 601 
Continental Bldg., Dallas 1. Show re- 
turn address on envelope. These replies 
will be forwarded unopened, and no 
fees are involved. 


Replies to the personnel coded M-461, 
and positions coded Y-2198, Y-2391C, 
and Y-2685 below should be addressed 
to: Engineering Societies Personnel 
Service, 8 West 40th St., New York 18, 
N. Y. The ESPS, on whose behalf these 
notices are published here, collects a 
fee from applicants actually placed. 


PERSONNEL 


@ Petroleum engineer, B.S., 33, mar- 
ried, qualified to supervise drilling pro- 
’ duction or reservoir work. Code 109. 


@ Geologist, M.S., experienced in pe- 
trography, spectrographic 
analyses, has had considerable experi- 
ence in geophysical interpretation of 
reflection seismograph data. Desires 
responsible position as subsurface geol- 


ogist. M-461. 
POSITIONS 


@ Engineers (a) Research engineer. 
fluid flow, E-21, 28-40, with several 
years’ research experience after gradu- 
ation with a B.S. degree. Credit of one 
year’s experience for an M.S., and three 
years for a Ph.D. degree. Will do ana- 
lytical and experimental research work 
in the field of fluid flow. Must be able 
to plan and direct work in this field. 


emission 


(b) Corrosion research engineer, 
M-21, 28-40, Ph.D. degree and _ five 
years’ industrial experience. Will con- 
duct experimental and theoretical stud- 
ies of corrosion as it applies to refinery 
problems. Must be able to plan and 
direct work in this field. Salaries open. 
Location, Illinois. Y-2391C. 


@ Petroleum engineer with at least ten 
years’ varied field experience, knowl- 
edge of exploratory problems, adminis- 
trative experience and the ability to 
plan large-sized operations. Permanent. 
Location, Turkey. Y-2198. 
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Employment Notices 


@ Associate professor of petroleum en- 
gineering, part-time research. Graduate 
work and industrial experience re- 
quired. Code 510. 


@ Engineers (a) Senior research engi- 
neer, graduate, with either a Doctor’s 
or Master’s degree, with a minimum of 
five years’ experience in production 
technological research. Will direct pe- 
troleum engineering research and tech- 
nical service laboratory. Will direct re- 
search and technical service work in 
the following problems: Improved drill- 
ing fluids and improvement of old drill- 
ing fluids; completion practices; core 
analysis; physical properties of reser- 
voir fluids; development of instruments 
to measure variables to determine per- 
formance of reservoirs. (b) Senior pe- 
troleum production engineer, graduate, 
with about five years’ experience in oil 
and gas reservoir engineering. Knowl- 
edge of production technology research. 
Will make comprehensive studies of oil 
and gas reservoirs and determine the 
most efficient control and production 
method for maximum recovery. Coop- 
erate in the recommendation of the de- 
sign and operation of all production 
equipment. Coordinate production prac- 
tice with laboratory research problems. 
Recommend on locations of wells and 
methods of well completion. Location, 
Saudi Arabia. Y-2685. x Kx 


U. S. Air Force Seeks Engineers 


The Directorate of Intelligence of the 
Air Force is seeking to employ petro- 
leum engineers for civilian service. En- 
gineers most likely to be qualified for 
the positions open are those with ex- 
perience in the construction or opera- 
tion of oil facilities. Qualified persons 
can be certified by the Civil Service 
Commission on the basis of education 
and pertinent experience. The vacan- 
cies range from $3737.20 to $7432.20. 


Complete information on the vacan- 
cies can be secured from: James C. 
Pettee, U. S. Air Force Directorate of 
Intelligence, Strategic Vulnerability 
Branch, Room 2248, Tempo “U” Build- 
ing, Washington 25, D. C. xK x 
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Gulf Coast Section 
Activities 


By J. E. Kastrop 


(Pictures at Right) 


Deviating from the regular type of 
meeting, the Gulf Coast Section took 
an outdoor jaunt down the Houston 
Ship Channel on July 22, for an in- 
spection of the city’s harbor facilities. 
The Port Commission of Houston fur- 
nished two luxury yachts for the 104 
members and guests making the trip. 
The trip extended from the Turning 
Basin down the channel to the San 
Jacinto Battle Grounds, berthing place 
of the battleship Texas and the site 
of San Jacinto Monument. After a 
hearty meal at the San Jacinto Inn, 
the group returned to Houston via 
busses. A brief description of the port 
and channel facilities, a large portion 
of which were seen on this trip, fol- 
lows below. 

The Port of Houston has had an 
outstanding development, and in 1946 
it ranked fourth among U. S. ports in 
total cargo tonnage handled. Original 
development was from private funds, 
but as Houston grew industrially, the 
city voted bonds for channel develop- 
ment. In 1945 the Harris County 
Houston Ship Channel Navigation Dis- 
trict purchased from the city all its 
port facilities, and now operates those 
facilities. The port is open to world 
commerce at published tariffs. 

Beginning at the Gulf of Mexico, 
the Houston Ship Channel extends 50 
miles through Galvestoh Bay, the San 
Jacinto River, and Buffalo Bayou to 
the Turning Basin, which is in the 
city limits of Houston. The average 
width of the channel is 300 feet, with 
an available depth of water 34 feet at 
all times throughout the channel. 

Ample transportation facilities are 
available to the channel through five 
trunk lines and several major truck- 
ing lines. The Turning Basin is 1300 
feet in diameter, with facilities for 
switching, trucking, barging and ware- 
housing. 

The channel literally abounds in in- 
dustrial plants and facilities. Almost 
every major industry is represented, 
with highly important operations 
there in steel, oil, chemicals, paper 
and food. Privately owned terminal 
facilities, as well as those owned by 
the port, serve these industries, and 
assure continued development for this 
important port. xt 
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Members of the Mid Continent Section meet informally for lunch in the Carousel Restaurant in Tulsa every Thursday. 
Attendance is voluntary, and no program is held; the purpose is a friendly visit with fellow members, with an occasional 
discussion of Section business. The above group, L to R, met Thursday, August 25: Don R. Johnson, Gulf Oil Corp.; H. 
M. Cooley, Bethlehem Steel Co.; Cleveland O. Moss, Consultant; L. A. Ogden, The Pure Oil Co.; N. P. Whaley, Whaley 
Engineering Co.; Evert W. Kilgren, Pete Manion, Stanolind Oil & Gas Co.; J. J. Arps, and Aurel E. Smith, British-Ameri- 





can Oil Co., and W. E. Best of Geo. P. Livermore, Inc. 


Mid Continent Section Activities 


By G. M. Stearns 


The Annual Round Up for the Sec- 
tion, an outdoor stag party and barbe- 
cue, will be held on Friday, September 
23 at James N. McGirl’s suburban home 
near Skiatook, starting about 5:00 p.m. 
Much interest has been shown in the 
function so far, and a large attendance 
is expected. In previous years the Sec- 
tion has hired the services of various 
people to make all of the arrangements 
and do the serving, but this year it 
was decided that these functions would 
be executed by the Section membership. 
Accordingly, several committees were 
appointed, with specific jobs assigned 
to their various members, and plans for 
the affair are now complete. The com- 
mittees are as follows: 


FOOD: Paul Fitzgerald, Dowell Inc., 
chairman; Don Crisjohn, Stanolind Oil 
and Gas Co.; Bob Hamilton, Consult- 
ant; Cleve Moss, Consultant; and N. P. 
Whaley, Whaley Engineering Co. 

SERVING: Warren Davis, Gulf Oil 
Corp., chairman; Harold Crisman, W. 
C. McBride, Inc.; E. W. Brake, Gulf 
Oil Corp.; John Jennings, Ohio Oil 
Co.; Robert B. Wilkins, Gulf Oil Corp.; 
Charles Stewart, Stanolind Oil and Gas 
Co.; James Atkinson, Sunray Oil Co.; 
H. D. Collins, Four States Oil Co,; W. 
C. Palmer, Gulf Oil Corp.; John Evin- 
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ger, Deep Rock Oil Co.; Sandy Mc- 
Gaha, Lane-Wells, Inc.; and Don R. 
Johnson, Gulf Oil Corp. 


REFRESHMENTS: Amos Roberts, 
Baroid Sales Div., chairman. 

HOUSE: James N. McGirl, Tide 
Water Associated Oil Co., chairman. 

ENTERTAINMENT: Jack Beesley, 
Baroid Sales Div., chairman. 

STUDENT ATTENDANCE: A. W. 
Walker, Univ. of Tulsa, chairman. 

REGISTRATION: Buford Penn, Mid 
Continent Pet. Corp., chairman. 

GROUNDS: Aurel Smith, British- 
American Oil Co., chairman; Charles 
McIntosh, Earlougher Engineering Co.; 
C. B. Caruthers, Stanolind Oil and Gas 
Co., and James C. Conner, Stanolind. 

PUBLICITY: Charles Deegan, Oil 
and Gas Journal, chairman. 

GAMES: Everett Wenger, chairman, 
and Stuart Bird, both of Amerada Pet. 
Corp., and W. P. Parker, Sunray Oil 
Co. 

After the Round Up, the regular 
monthly programs will begin under the 
direction of Roy H. Smith, Stanolind 
Oil and Gas Co. The Study Group 
meetings will be held semi-monthly un- 


der the direction of John J. Arps, Brit- 
ish-American Oil Co. x K 
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Delta Section 
Activities 
By J. Paul Ratliff, Jr. 


Forty members of the Delta Section 
participated in a field trip to the Free- 
port Sulphur Co.’s Grand Ecaille field 
Saturday, June 11. The tour, conducted 
by Freeport’s A. C. Petersen, covered 
all phases of sulphur production. Peter- 
sen stated that some 7,000,000 gallons 
of water at a temperature of 320°F is 
injected into the sulphur wells at Grand 
Ecaille daily. This hot water in turn 
results in the production of from 2000 
to 3000 tons of sulphur. per day. The 
average depth of the wells is 1500 feet. 
Of the sulphur produced at Grand 
Ecaille about one-third is bright sul- 
phur and the remainder is a gray va- 
riety which is 99.8 per cent pure sul- 
phur. Barlett, also of Freeport, said 
that about 75 per cent of the sulphur 
in place is recovered. Failure of the 
well usually occurs when the ground 
starts settling, causing the casing to 
break. At the present time over 600 
persons are employed at Grand Ecaille. 
occupying 280 houses. Following the 
tour lunch was served at the Freeport 
community center in the form of an 
open air barbecue. 

E. N. Dunlap, chairman, Delta Sec- 
tion, announces that the Metairie Coun- 
try Club of New Orleans has been re- 
served for Friday night, October 28. 


for a dinner dance. x *« 
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A NOTE ON THE THEORETICAL DESCRIPTION OF WETTING LIQUID 
RELATIVE PERMEABILITY DATA 
By 
Water Rose anp M. R. J. WYLLIE 
Gulf Research & Development Company, Pittsburgh, Pa. 


In a recent technical note, Owen 
Thornton’ suggests that wetting liquid 
relative permeability may be derived 
from the oat 


-=(5 ‘)- a no oe 


where P,, P. is the ratio of displace- 
ment pressure to capillary pressure at 
the wetting liquid saturation S,,, and I 
is the resistivity index at this saturation. 
Thornton shows that this expression 
gives values for relative permeability 
in good agreement with those experi- 
mentally determined by Leverett. We 
have recently developed another expres- 
sion for k,,, which seems preferable to 
Equation 1 since it requires fewer ex- 
perimental data for its verification. This 
equation may be derived in the follow- 
ing manner. Making use of the analogy 
between mass transfer of fluid in a 
porous medium and electrical conduc- 
tivity through the fluid in the same 
medium, we can postulate a hydraulic 
formation resistivity factor analogous 
to an electrical formation resistivity 
factor. From Poiseuille’s Law the re- 
sistivity to flow in a tube of radius R 
is of the form 8«/R’, where u is the 
viscosity of the fluid. Similarly, the re- 
sistivity to flow in a porous medium of 
the same dimensions as the tube is 
given by D’Arcy’s Law as “/k, where 
k is the permeability of the medium. 
The hydraulic formation resistivity fac- 
tor, F;, is thus the quotient of these two 
resistivities, or: 
R’ 
‘~~ 8k 

But permeability is defined by the Ko- 
zeny — as: 


= —— — ) (c gs units) 


where: r is the average pore radius 
of the porous medium, L, is the average 
tortuous length of the average pore, ¢ 
is the porosity, and L is the bed length. 
This gives F, as' a function of the 
(L./L) tortuosity ratio and porosity, or 
in explicit form: 
NT 
? 





= 


where: T= (L,/L)*, and N is the 


number of pores of radius, r, which 
will be found in any cross sectional 


area, 7 R*®. That is, N = ¢R’*/r’. It will 
be clear from the foregoing considera- 


tions that the hydraulic formation fac- 
tor should be dependent on the value 
of R which in every case must be arbi- 
trarily selected. 

By analogy, the hydraulic formation 
factor, F.,, characterizing the porous 
medium at S,<1, will be given by: 

R?’ NT. 
Fe = — = —. 
8k. 3 =¢Sw 

where k, is the effective wetting liq- 
uid permeability obtaining at S,<1, 
and T,. is the square of the (L,,/L) 
ratio defined by Thornton. ig fore, 
the a resistivity index, I,, 


pa teat a= (2) (4) 


However, ay gives I as: 


(FY) 
T =e 


and it follows that: 





k = . 2 
<rw = . . . d ) 
c ( } 


Equation 2, when checked against 
the data of Wyckoff and Botset*® and 
some of the Morse et al data’, gives 
comparisons as shown at the bottom of 
this page. 

Computations based on _ Leverett’s 
data, quoted by Thornton, gives com- 
puted k,,, values somewhat lower than 
the experimental values. Moreover, 
other instances can be cited where we 
find that neither Equation 1 nor Equa- 
tion 2 is checked by experimental data. 
The work of Botset' on the Nichols 


Buff sandstone and Morse et al on oil 
wetted Bradford sandstone are such 
instances. 

A reason for these discrepancies may 
lie in the fact that if both Equations 1 
and 2 are presumed always to give ac- 
curate values for k,,, it follows that 
P. = P./S,’*. Such an expression, it 
is well known, is too simple to describe 
accurately the capillary pressure be- 
havior of all porous media. However, 
it is believed that a particular advan- 
tage resides on the use of Equation 2, 
since it is not dependent for its utility 
on a knowledge of the capillary pres- 
sures obtaining in dynamic flow sys- 
tems. No practical technique for meas- 
uring the capillary pressures character- 
izing the fluid distributions in dynamic 
flow systems has yet been proposed. 

Acknowledgment is given to Dr. Paul 
D. Foote, executive vice-president of 
the Gulf Research and Development 
Company, for permission to publish 
this note. 

1. Owen F. Thornton, “A Note on the 
Valuation of Relative Permeability,” 
J. Pet. Tech., 1:7, Section 1, July, 
1949. 

2. R. D. Wyckoff and H. G. Botset, 

“The Flow of Gas-Liquid Mixtures 

through Porous Media,” Physics, 

7:325-345, 1936. 

A. Morse, P. L. Terwilliger, and 
S. T. Yuster, “Relative Permeability 
Measurements of Small Core Sam- 
ples,” Oil and Gas J., 46:109-125, 
Aug. 23, 1947. 

1. H. G. Botset, “Flow of Gas-Liquid 
Mixtures Through Consolidated 
Sand,” Trans. AIME, 136:91, 1940. 
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“es 10 0.90 0.80 
ke (a) 10 066 0.42 
(b) 10 0.70 0.45 
(c) 10 0.72 0.47 
(d) 10 0.74 0.51 





0.70 0.60 0.50 0.40 0.30 


0.25 014 007 0.03 0.01 
0.29 016 009 0.04 0.02 


0.30 0.16 0.08 005 0.01 
0.32 020 011 003 0.02 





(a) and (b) refer to the Wyckoff and Botset computed and experimental values, 


respectively. 


(c) and (d) refer to the Morse et al computed and experimental values, respec- 


tively. 
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Members of the Mid Continent Section meet informally for lunch in the Carousel Restaurant in Tulsa every Thursday. 
Attendance is voluntary, and no program is held; the purpose is a friendly visit with fellow members, with an occasional 
discussion of Section business. The above group, L to R, met Thursday, August 25: Don R. Johnson, Gulf Oil Corp.; H. 
M. Cooley, Bethlehem Steel Co.; Cleveland O. Moss, Consultant; L. A. Ogden, The Pure Oil Co.; N. P. Whaley, Whaley 
Engineering Co.; Evert W. Kilgren, Pete Manion, Stanolind Oil & Gas Co.; J. J. Arps, and Aurel E. Smith, British-Ameri- 
can Oil Co., and W. E. Best of Geo. P. Livermore, Inc. 


Mid Continent Section Activities 


By G. M. Stearns 


The Annual Round Up for the Sec- 
tion, an outdoor stag party and barbe- 
cue, will be held on Friday, September 
23 at James N. McGirl’s suburban home 
near Skiatook, starting about 5:00 p.m. 
Much interest has been shown in the 
function so far, and a large attendance 
is expected. In previous years the Sec- 
tion has hired the services of various 
people to make all of the arrangements 
and do the serving, but this year it 
was decided that these functions would 
be executed by the Section membership. 
Accordingly, several committees were 
appointed, with specific jobs assigned 
to their various members, and plans for 
the affair are now complete. The com- 
mittees are as follows: 


FOOD: Paul Fitzgerald, Dowell Inc., 
chairman; Don Crisjohn, Stanolind Oil 
and Gas Co.; Bob Hamilton, Consult- 
ant; Cleve Moss, Consultant; and N. P. 
Whaley, Whaley Engineering Co. 

SERVING: Warren Davis, Gulf Oil 
Corp., chairman; Harold Crisman, W. 
C. McBride, Inc.; E. W. Brake, Gulf 
Qil Corp.; John Jennings, Ohio Oil 
Co.; Robert B. Wilkins, Gulf Oil Corp.; 
Charles Stewart, Stanolind Oil and Gas 
Co.; James Atkinson, Sunray Oil Co.; 
H. D. Collins, Four States Oil Co.; W. 
C. Palmer, Gulf Oil Corp.; John Evin- 
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ger, Deep Rock Oil Co.; Sandy Mc- 
Gaha, Lane-Wells, Inc.; and Don R. 
Johnson, Gulf Oil Corp. 

REFRESHMENTS: Amos Roberts, 
Baroid Sales Div., chairman. 

HOUSE: James N. McGirl, Tide 
Water Associated Oil Co., chairman. 

ENTERTAINMENT: Jack Beesley, 
Baroid Sales Div., chairman. 

STUDENT ATTENDANCE: A. W. 
Walker, Univ. of Tulsa, chairman. 

REGISTRATION: Buford Penn, Mid 
Continent Pet. Corp., chairman. 

GROUNDS: Aurel Smith, British- 
American Oil Co., chairman; Charles 
McIntosh, Earlougher Engineering Co. ; 
C. B. Caruthers, Stanolind Oil and Gas 
Co., and James C. Conner, Stanolind. 

PUBLICITY: Charles Deegan, Oil 
and Gas Journal, chairman. 

GAMES: Everett Wenger, chairman, 
and Stuart Bird, both of Amerada Pet. 
Corp., and W. P. Parker, Sunray Oil 
Co. 

After the Round Up, the regular 
monthly programs will begin under the 
direction of Roy H. Smith, Stanolind 
Oil and Gas Co. The Study Group 
meetings will be held semi-monthly un- 
der the direction of John J. Arps, Brit- 
ish-American Oil Co. xe * 
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Delta Section 
Activities 
By J. Paul Ratliff, Jr. 


Forty members of the Delta Section 
participated in a field trip to the Free- 
port Sulphur Co.’s Grand Ecaille field 
Saturday, June 11. The tour, conducted 
by Freeport’s A. C. Petersen, covered 
all phases of sulphur production. Peter- 
sen stated that some 7,000,000 gallons 
of water at a temperature of 320°F is 
injected into the sulphur wells at Grand 
Ecaille daily. This hot water in turn 
results in the production of from 2000 
to 3000 tons of sulphur. per day. The 
average depth of the wells is 1500 feet. 
Of the sulphur produced at Grand 
Ecaille about one-third is bright sul- 
phur and the remainder is a gray va- 
riety which is 99.8 per cent pure sul- 
phur. Barlett, also of Freeport, said 
that about 75 per cent of the sulphur 
in place is recovered. Failure of the 
well usually occurs when the ground 
starts settling, causing the casing to 
break. At the present time over 600 
persons are employed at Grand Ecaille, 
occupying 280 houses. Following the 
tour lunch was served at the Freeport 
community center in the form of an 
open air barbecue. 

E. N. Dunlap, chairman, Delta Sec- 
tion, announces that the Metairie Coun- 
try Club of New Orleans has been re- 
served for Friday night, October 28. 


for a dinner dance. - =o 


September, 1949 








Th 
rel 
fro 


wh 
me 
the 
is 

Th 
gir 
in 
mi 
ha 
sit 


En 


in 


iv. 
ial 
H. 
ey 
ri- 








Techuical Notes 





A NOTE ON THE THEORETICAL DESCRIPTION OF WETTING LIQUID 
RELATIVE PERMEABILITY DATA 


By 


WaLTerR Rose Aanp M. R. J. WYLLIE 


Gulf Research & Development Company, Pittsburgh, Pa. 


In a recent technical note, Owen 
Thornton’ suggests that wetting liquid 
relative permeability may be derived 
from the as 


--(F *)- a + 


where P,, P. is the ratio of displace- 
ment pressure to capillary pressure at 
the wetting liquid saturation S,, and I 
is the resistivity index at this saturation. 
Thornton shows that this expression 
gives values for relative permeability 
in good agreement with those experi- 
mentally determined by Leverett. We 
have recently developed another expres- 
sion for k,,, which seems preferable to 
Equation 1 since it requires fewer ex- 
perimental data for its verification. This 
equation may be derived in the follow- 
ing manner. Making use of the analogy 
between mass transfer of fluid in a 
porous medium and electrical conduc- 
tivity through the fluid in the same 
medium, we can postulate a hydraulic 
formation resistivity factor analogous 
to an electrical formation resistivity 
factor. From Poiseuille’s Law the re- 
sistivity to flow in a tube of radius R 
is of the form 8«/R*, where » is the 
viscosity of the fluid. Similarly, the re- 
sistivity to flow in a porous medium of 
the same dimensions as the tube is 
given by D’Arcy’s Law as u/k, where 
k is the permeability of the medium. 
The hydraulic formation resistivity fac- 
tor, F;, is thus the quotient of these two 
resistivities, or: 


8k 
But permeability is defined by the Ko- 
zeny equation as: 


2 
( -) (c gs units) 


where: r is the average pore radius 
of the porous medium, L, is the average 
tortuous length of the average pore, ¢ 
is the porosity, and L is the bed length. 

This gives F, as a function of the 
(L,/L) tortuosity ratio and porosity, or 
in explicit form: 

NT 


i - 
¢ 





where: T= (L,/L)*, and N is the 


number of pores of radius, r, which 
will be found in any cross sectional 


area, 7 R®. That is, N = ¢R?/r’. It will 
be clear from the foregoing considera- 
tions that the hydraulic formation fac- 
tor should be dependent on the value 
of R which in every case must be arbi- 
trarily selected. 

By analogy, the hydraulic formation 
factor, F.,;, characterizing the porous 
medium at S, <1, will be given by: 

R’ NT. 
Fe = — = —. 
8k. = #'Sy 

where k, is the effective wetting liq- 
uid permeability obtaining at S,<], 
and T, is the square of the (L,./L) 
ratio defined by Thornton. ge 
the tag reMistivity index, I,, 


wn gent a=) (2) 


However, ay gives I as: 


=(B" 
T Sw 


and it follows that: 
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Equation 2, when checked against 
the data of Wyckoff and Botset’ and 
some of the Morse et al data’, gives 
comparisons as shown at the bottom of 
this page. 

Computations based on Leverett’s 
data, quoted by Thornton, gives com- 
puted k,,, values somewhat lower than 
the experimental values. Moreover, 
other instances can be cited where we 
find that neither Equation 1 nor Equa- 
tion 2 is checked by experimental data. 
The work of Botset' on the Nichols 


Buff sandstone and Morse et al on oil 
wetted Bradford sandstone are such 
instances. 

A reason for these discrepancies may 
lie in the fact that if both Equations 1 
and 2 are presumed always to give ac- 
curate values for k,,, it follows that 
P. = P./S,”*. Such an expression, it 
is well known, is too simple to describe 
accurately the capillary pressure be- 
havior of all porous media. However, 
it is believed that a particular advan- 
tage resides on the use of Equation 2, 
since it is not dependent for its utility 
on a knowledge of the capillary pres- 
sures obtaining in dynamic flow sys- 
tems. No practical technique for meas- 
uring the capillary pressures character- 
izing the fluid distributions in dynamic 
flow systems has yet been proposed. 

Acknowledgment is given to Dr. Paul 
D. Foote, executive vice-president of 
the Gulf Research and Development 
Company, for permission to publish 
this note. 

1. Owen F. Thornton, “A Note on the 
Valuation of Relative Permeability,” 
J. Pet. Tech., 1:7, Section 1, July, 
1949. 

2. R. D. Wyckoff and H. G. Botset, 
“The Flow of Gas-Liquid Mixtures 
through Porous Media,” Physics, 
7:325-345, 1936. 

3. R. A. Morse, P. L. Terwilliger, and 
S. T. Yuster, “Relative Permeability 
Measurements of Small Core Sam- 
ples,” Oil and Gas J., 46:109-125, 
Aug. 23, 1947. 

1. H. G. Botset, “Flow of Gas-Liquid 
Mixtures Through Consolidated 
Sand,” Trans. AIME, 136:91, 1940. 

x* *k * 








S, 10 0.90 0.80 
kee (a) 10 «0.66 ~—0.42 
(b) 10 0.70 0.45 
(c) 10 0.72 0.47 
(d) 10 074 051 





0.70 0.60 0.50 0.40 0.30 


0.25 014 0.07 0.03 0.01 
0.29 016 0.09 0.04 0.02 


0.30 0.16 0.08 0.05 0.01 
0.32 0.20 O11 0.03 0.02 


(a) and (b) refer to the W yckoff and Botset computed ‘and experimental values, 


respectively. 


(c) and (d) refer to the Morse et al computed and experimental values, respec- 


tively. 





Post Convention Tour 
Leaves San Antonio Oct. 8 


The National Railways of Mexico is 
planning a post-convention tour by rail 
to Mexico City. Scheduled to leave San 
Antonio on October 8, the tourists will 
see Puebla, Zochimilco and Tasco in 
addition to Mexico City and will return 
to San Antonio on October 16. The 
rates range from $114.03 for one per- 
son in a coach to $163.31 for three per- 
sons in a drawing room. These rates 
include tax, passports, transportation 
from the station to the hotel in Mexico 
City, hotel room, sight-seeing trips, and 
all meals except those on the train. 


Additional information may be ob- 
tained from Harry W. Rosser, 225 








Pictured above are the newly-elected officers of the Texas Technological Chap- 


Milam Building, San Antonio. A de- 
posit of $25 must accompany reserva- 
tions and payment in full must be made 
on or before September 30. In case of 
cancellation full refund will be made. * 


ter of AIME. Left to right, standing, they are Johnny McClellan, treasurer; 
Lloyd Doyd, corresponding secretary; Riley V. Carlton, president; Joe D. Ken- 
worthy, engineering society representative; seated; Billy C. Koy, secretary; 
Truit Enlow, parliamentarian; and Ward W. Killingsworth, vice-president. Not 
shown in the picture is Dan A. Bee, reporter. Although this chapter has been a 
recognized student branch of the AIME for just a few months, their plans in- 
clude an extensive membership drive and an interesting program for 1949-50. 








| Remove Mud Cake, Center the Casing, and you'll 











MORE AND MORE OPERATORS are getting -y~ 
cement jobs the first time, eliminating need for 
squeeze cementing and saving thousands of 
cementing dollars with B and W equipment. 
Here’s how: 


MUD CAKE REMOVAL is accomplished with B and 
W Multi-Flex Scratchers installed on the casing 
opposite the cementing zone. Strong multiple- 
wire fingers 5” long combine strength with 
reversibility ...are flexible :o adapt themselves 
to hole contour for minimum disturbance of the 
mud cake while running in...insure complete 


mud removal during cementing operations. 






W Ve A C 


Completion Specialists 


CUT CEMENTING 


B and W 
Multiflex 
Scratcher 


CASING CENTERING with B and W Latch-On 
Centralizers installed either at the rack or rotary 
table eliminates troublesome channeling, insures 
better cement bond between casing and forma- 
tion. Split hinge construction makes installation 
easy on either collared or external upset casing 

.. both straight and spiral types are available 
to meet all well conditions. 


If cementing failures are robbing you of profits, 
plan now to use economical B and W equipment 
on well completions. We'll be glad to send you 
full details — write us today! 


Dent Fouczje! 


CAN be 


avoided 


P. O. BOX 5266, HOUSTON 12, TEXAS @ 3545 CEDAR AVE., LONG BEACH 7, CALIF. 
Export Representative: Champion & Smith, Inc. 
617 S. Olive St., Los Angeles 14, Calif. @ 10 Rockefeller Plaza, New York 20, N. Y. 
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Professional Services 


This space available only to AIME members. Rates upon request. 








AMSTUTZ AND YATES, INC. 


Consulting Petroleum Engineers 
Valuations 
Reservoir Analyses 
Geologic Investigati 
406 KFH BLDG., WICHITA 2, KANSAS 





FARIS & WARREN 


Consulting Petroleum Engineers 


McClintic Building 
MIDLAND, TEXAS 


Production & Reservoir Engineering 
Evaluations 


Development| 





NORRIS JOHNSTON 
N. van WINGEN 
PETROLEUM TECHNOLOGISTS, INC. 
Production Research — Core Analysis 
Reservoir Engineering 
868 TRUCKWAY, MONTEBELLO, CALIFORNIA 
PHONE: UNION 1-5338 








CARLTON BEAL 


Consulting Petroleum Engineer 
11699 BELLAGIO ROA 

LOS ANGELES 24, CALIFORNIA 
Phone: ARizona 74294 








FRANK N. BOSCO 
PETROLEUM ENGINEERING 
Exploration — Evaluation — Operation 
838 Symes Building By Appointment Only 
PHONE: TABOR 7361 DENVER, COLO. 


HERSHAL C. FERGUSON 
Consulting Geologist and Paleontologist 
Esperson Building 
HOUSTON, TEXAS 
8251/2 Gravier Street 


HARRY H. POWER 


Consulting Petroleum and Chemical Engineer 
Production, Reservoir, Valuation and 
preg ger Engineering 
P. O. Box 1542 — University Station 
AUSTIN, TEXAS 








New Orleans, La. 











JOHN G. CAMPBELL, CHEMIST 
Field Charcoal & Podbielniak Analyses 
Waters — Oil Field Brines — Cores 
422 N. Lower Broadway, Corpus Christi, Texas 











PAUL CHARRIN 


lee 





ATLAS WELL SERVICE CORPORATION 
UNIVERSAL EXPLORATION COMPANY 
913 Union National Bank Building 
HOUSTON 2, TEXAS 
Phone: Preston 0060 








ALEXANDER M. CROWELL 
Natural Gas Consultant 
So. Arkansas — LOUISIANA — Coastal Texas 
NEW ORLEANS SHREVEPORT 
1415 Carondelet Bidg. 3746 Richmond Ave. 
Phone: Raymond 3861 Phone: 8-1419 








CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 
224 Wilson Building 
CORPUS CHRISTI, TEXAS 


John W. Crutchfield Horton T. Pruett 








ALEXANDER DEUSSEN 


Consulting Geologist and 
Petroleum Engineer 
Room 413, Commerce Bldg. Addition 
HOUSTON 2, TEXAS 








EARLOUGHER ENGINEERING 
Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
311-319 East Fourth Street 








FITTING, FITTING & JONES 


Engineering & Geological Consultants 
Petroleum Natural Gas 
Box 1299 


PERMIAN BLDG. MIDLAND, TEXAS 


A. L. SELIG 


Consulting Petroleum Geologist 
GULF BUILDING HOUSTON, TEXAS 








S. FRED SHAW 
Gas Lift Specialist 
301 Terrell Road, Phone: T-9754 
SAN ANTONIO, TEXAS 














WILLIAM HURST 


Petroleum Consultant 
Reservoir Engineering - Primary & Secondary 
Recovery, Gas Cycling, Evaluations 
4101 SAN JACINTO 
Madison 1181 
HOUSTON, TEXAS 


Linden 0935 


WM. H. SPICE, JR. 


C li Geoaloaic 
9 





2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 














MICHEL T. HALBOUTY 
CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 
Houston 2, Texas 


HARRY C. SPOOR, JR. 


Consulting Geologist 


Petroleum... . Natural Gas 


COMMERCE BLDG. HOUSTON, TEXAS 





Phone P-6376 











H. L. KIRKPATRICK 


CONSULTING PETROLEUM ENGINEER 
Property Management - Well Completions 
Proration - Reports - Appraisals 
445 Delaware Avenue 
SHREVEPORT, LA. 


JOSEPH B. UMPLEBY 
Geologist and Engineer 
Office woe Only 

59. R LANE 
DALLAS . TEXAS 








PHONE 7-8295 








CLEVELAND O. MOSS 
CONSULTING PETROLEUM ENGINEER 
_ Estimates of Oil and Gas Reserves 


tion Problems—Proration 
208 MIDEO BLDG. 





TULSA 3, OKLA. 


HAROLD VANCE 


CONSULTING PETROLEUM ENGINEER 
A & M College 


College Station, Texas 


Pet. Engr. Dept. 














ERNEST K. PARKS 


CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield O tes of Oil and 











BASIL B. ZAVOICO 


Petroleum Geologist and Engineer 


City National Bank Bidg. 
Houston, Texas 


220 E. 42nd St. 
New York 17, N. Y. 
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Instruments and Services 


Surwel Underground Surveying Service 
E-C Survey Service 

Polar Core Orientation 

Johnson Elevation Meter 

E-C Inclinometer 

Syfo Clinograph 

Non-Magnetic Drill Collar Rentals 


Measuring Line Hoist Rentals 


—— 


Telefloodmeter 


Get full details on these Instruments 
and Services now. 

Fully illustrated 8-page catalog will 
come to you upon request. 


ee C4 bp 


sam te p 


@?4@ndosd 


SPERRY-SUN WELL SURVEYING COMPANY 


3118 BLODGETT AVENUE HOUSTON, TEXAS 


Philadelphia, Pa. Falfurrias, Texas Odessa, Texas Marshall, Texas Long Beach, Calif. 
“Oklahoma City, Okle. Lafayette, la. Bakersfield, Calif. -Moulden Oil Field Services, Casper, Wyo. 
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Directors, at Special July Meeting, Amend 


Bylaws and Appoint Lippert Publication Manager 


| gerpren the Board of Directors 
of the Institute does not meet 
in July and August but several 
matters of importance made such 
a meeting necessary this year. 
President Young presided, with 
eleven other members of the Board 
present: Messrs. Daveler, Elkins, 
Head, Kinzel, Kraft, Meyerhoff, 
Peirce, Phillips, Price, Schumacher, 
and Fletcher. The date was Aug. 17. 

Revisions in the bylaws, as 
printed in the June issues of the 
journals, were approved without 
further discussion. These increase 
the dues by $5 for Members and 
Associate Members, and by $2 for 
Junior Members, for the years 
1950, 1951, and 1952, at which time 
another referendum will be taken 
as to the scale for the future. Also, 
the grade of Junior Foreign A ffili- 
ate is discontinued at the end of 
the current year, and the time in 
which a Student Associate may re- 
main such is now limited to the end 
of the year in which he is in uni- 
versity residence as a student, in- 
stead of the end of the following 
year as before. 

Appointment of Thomas W. 
Lippert as Manager of Publications 
on a two-year contract was con- 
firmed by the Board, and he was 
introduced to those present. Com- 
ment on this appointment appears 
in “The Drift of Things.” 

Considerable discussion devel- 
oped, inspired by a letter from 
Charles T. Holland, on whether or 
not a change should be made in the 
scale of Student Associate dues. At 
present, Student Associate affilia- 
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tion, including a year’s subscription 
to one of the three journals, is 
$4.50, but an alternative of $2 is 
offered without an individual sub- 
scription to a journal, in which 
case copies are supplied to the 
Affiliated Student Society for ref- 
erence on request. A proposal had 
been made to eliminate the $2 fee, 
and possibly to reduce the $4.50 
fee to $4. About one quarter of the 
Student Associates currently pay 
$2 and three quarters $4.50. The 
views of several members of the 
Mineral Industry Education Divi- 
sion were reported, and the student 
dues schedules and privileges of 
the other Founder Societies com- 
pared with those of the AIME. 
Lengthy discussion of the matter 
at the El Paso meeting in 1948 was 
reviewed. It was finally unani- 
mously decided to retain the pres- 
ent bylaw as to student dues. 
Another matter for discussion 
was the terms under which AIME 
members should receive the annual 
volume, “Statistics of Oil and Gas 
Development and Production,” for 
1950. The last two volumes have 
cost from $10,000 to $12,000, which 
is offset only to the extent of $5000 
by receipts from the Doherty Me- 
morial Fund. Several years back 
the material therein contained had 
been supplied to Petroleum Divi- 
sion members bound in with the 
regular petroleum volume each 
year and the extra cost of binding 
it separately was supposed to be 
met by the Doherty Fund contribu- 
tion. Mr. Elkins explained the mat- 
ter to the rest of the Board, which 


P1nicy NEWS 


then voted to make the 1950 vol- 
ume available free on request to all 
Members, Associate Members, and 
Junior Members who take the 
Journal of Petroleum Technology, 
but to charge Student Associates 
$3 should any of them wish to 
have the volume, and to charge 
others $6. 

Reports were made of a continu- 
ing investigation into possible econ- 
omies in printing, and Mr. Lippert 
promised further data at the Sept. 
27 Board meeting in Columbus. 

A new Student Chapter was rec- 
ognized at Fenn College, Cleveland. 

H. G. Moulton was named as 
AIME representative on the Engi- 
neers Joint Council Committee on 
Engineering Personnel in the Mili- 
tary Establishment. The date of 
the November Board meeting was 
set at 2 p. m., Wednesday, Nov. 16. 

Mr. Peirce made a short prog- 
ress report of the work of his com- 
mittee on Instructions to the Nom- 
inating Committee, and was di- 
rected to expand the work of his 
committee to include a study of the 
basic features of the present sys- 
tem of member representation 
through Directorships. 

Currently new members do not 
receive copies of the journals until 
they have accepted election, but it 
was voted to return to the old sys- 
tem of putting applicants on the 
subscription list for the journal of 
their choice as soon as their appli- 
cations are received. 

Special messages of congratula- 
tion were voted to Herbert Hoover 
on the occasion of his 75th birth- 
day anniversary on Aug. 10, and to 
D. C. Jackling, on his 80th birthday 
on Aug. 14. 
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A Manager of Publications 


Among the major recommenda- 
tions of the Johnson Committee, as 
reported -to the Board at the An- 
nual Meeting last year, was ‘that 
the services of an editor and pub- 
lisher of broad practical experi- 
ence in this highly technical field 
should be procured as soon as cir- 
cumstances permit.’”’ This and some 
other recommendations and sug- 
gestions of the Committee have not 
been forgotten and another step in 
carrying them out was made in 
July when T. W. Lippert was en- 
gaged as Manager of Publications. 
Although the desirability of en- 
gaging a man thoroughly conver- 
sant with editorial, advertising, and 
circulation problems in the AIME’s 
field had been recognized, the pos- 
sibility of securing a qualified man, 
and especially at a price the In- 
stitute could afford to pay, had not 
been thought too bright. But on 
June 21 a short news item in the 
New York newspapers told of a 
major reorganization of the staff 
of The Iron Age, which had been 
followed by the resignation of the 
directing editor, Tom Lippert. 
The possibilities for the Insti- 
tute in this news item were ap- 
parent. Tom Lippert had estab- 
lished quite a reputation on The 
Iron Age, not only as an editor 
but in assisting the “publisher,” 
and the magazine itself has become 
perhaps the most successful pub- 
lication in the mineral industries 
field. Furthermore, Tom had been a 
member of AIME for fourteen 
years, joining two years after re- 
ceiving his M.S. at Carnegie Tech in 
1932, so was familiar with Institute 
affairs. Within a week after the 
news broke, a tentative agreement 
had been made between the Secre- 
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tary and Mr. Lippert for a two-year 
contract, by -he end of which time 
it was felt that his ability at im- 
proving the Inst:tute’s journals and 
increasing their net income could 
be proved. The whole story was 
mailed to the 36 Directors of the 
Institute on July 1, after several 
had been personally approached or 
had given their tacit approval by 
telephone. Twenty-nine of the 36 
replied, unanimously approving the 
proposal, and Lippert’s engagement 
was formally ratified by the Board 
at its July 27th meeting. Quick 
action had been necessary because 
other opportunities awaited him. 

Tom’s experience has been prin- 
cipally in the field of The Journal 
of Metals, so his immediate duties 
will be chiefly concerned with the 
editorial and advertising depart- 
ments of that journal, to which a 
major proportion of his salary and 
expenses will be charged. He will, 
however, also supervise the edi- 
torial and advertising activities of 
Mining Engineering. For the time 
being, at least, these two journals 
will take up all of his time, but if 
and when the Petroleum Branch 
wishes to avail itself of his ser- 
vices it is hoped that he can ex- 
tend his interests to that publica- 
tion. He is also nominally for the 
present in charge of all Institute 
book publishing. 

Although this step means an im- 
mediate increase in AIME expenses, 
it is confidently expected by all 
concerned that by a year from now 
a net gain will result, and that edi- 
torially the journals will be even 
more attractive than at present. It 
might also be mentioned that the 
combined salaries of the new Man- 
ager of Publications and the Secre- 
tary are less than were the com- 
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bined salaries of the former Secre- 
tary and of the Assistant Secretary 
(who has now become Secretary) 
so no increase has thus been made 
in Institute salary expenditures in 
the ‘‘top brass” category. 


Naming Committeemen 


In naming chairmen of committees, 
and to some extent in nominating 
men for Directorships in the Insti- 
tute as well, one is faced with two 
alternatives: (1) to name a man 
for another term, if he has done an 
exceptionally good job; or (2) to 
pick an entirely new man. The ad- 
vantages and disadvantages of each 
principle are obvious. We are in- 
clined to favor the second alterna- 
tive, but with this general quali- 
fication—that the man _ selected 
shall already have served a term 
as vice-chairman, or at least as a 
member of the committee, so that 
he can be reasonably familiar with 
what he is supposed to do. Cer- 
tainly we think there is nothing 
more likely to make for dry rot, 
nor to annoy those who are in- 
terested in a committee’s work but 
never receive recognition, than to 
retain the same committee chair- 
man and personnel every year, with 
only an occasional introduction of 
new blood, perhaps when somebody 
dies. 

One of course likes to retain the 
services of a man who has done a 
job with conspicuous success; it 
perhaps may be regarded as an 
honor to him, and of benefit to the 
Institute, to ask him to serve again, 
but on the other hand, he is prob- 
ably a busy man who has a salary 
to earn, and a good and willing 
horse should not be overworked. 

As to the plain committeemen, 
those who never find their names 
on a committee sometimes complain 
that they go entirely unrecognized, 
and that the group seems to be a 
little clique of insiders. It has been 
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our experience, however, that this 
is not so, but rather that the prac- 
tice of continuing names on a com- 
mittee results from the not un- 
natural human tendency to do a 
job the easiest way. Many willing 
and capable men are entirely un- 
known to the person who picks a 
committee. Here is where modesty 
is a fault. If you wish to work on 
a committee, and feel that you can 
contribute something to its work, 
it devolves upon you to let your- 
self be known. The Executive Com- 
mittee or the Chairman of your 
Division will be only too glad to 
know of your willingness to do 
committee work. So will the Secre- 
tary of the Institute. Don’t wait 
for a formal invitation, or remain 
aloof in the hope that your name 
will some time be drawn out of the 
hat—-your name probably isn’t in 
the hat at all. 

You haven't time for committee 
work, anyway, you say? Nonsense. 
That means you haven’t time to 
work with the men engaged in an 
activity similar to yours, to find 
out what they are doing, and what 
others in your field are doing, to 
make personal friends who may in 
a five-minute telephone conversa- 
tion tell you what it would take 
you five days of research to find 
out all by yourself. 

If you are not satisfied with what 
you are getting out of the Insti- 
tute, the solution of your difficulty 
may well be connected with the 
answer to a question that you can 
ask yourself: What am I contribut- 
ing to the Institute? If you reply 
that you pay your dues regularly, 
that is an inadequate answer. 


Two Unions Sign Up 


Faced with the fact that efforts to 
repeal the Taft-Hartley Act have 
been unsuccessful in the present 
session of Congress, the Interna- 
tional Union of Mine, Mill, and 
Smelter Workers and the United 
Steel Workers have decided to sign 
the non-Communist affidavits re- 
quired under the Act in order to 
secure recognition as_ bargaining 
agents by the National Labor Re- 
lations Board. As to the Steel 
Workers, this may presage action 
through the NLRB in the current 
wage-pension dispute with the steel 
industry, which is enjoying a two- 
months’ truce expiring Sept. 15. As 
to the IUMMSW, the action seemed 
necessary in order to protect itself 
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against the competition of rival 
unions in the CIO. Heretofore it 
has not had the right to have its 
name appear on NLRB ballots. Not 
only has it been disliked by em- 
ployers who have had to deal with 
it, but has also been torn with in- 
ternal dissension. It is well known, 
or at least it is currently believed, 
that the IUMMSW is directed to a 
considerable extent by Communists 
and fellow travelers, and whether 
or not any change in its officers is 
planned or not remains to be seen. 
In any case the NLRB and the De- 
partment of Justice might well co- 
operate in a close study of the non- 
Communist affidavits. 


Free College Educations 


Another step in making it easy to 
get a professional education is re- 
ported from Argentina where tui- 
tion will no longer be charged by 
the National University of Buenos 
Aires. All citizens who can pass 
the entrance examinations have a 
chance for six years’ study at state 
expense. They can become doctors, 
architects, engineers, or select any 
other profession. Six years of study 
will be provided in the schools and 
colleges under the supervision of 
the University, the cost of which 
heretofore has been about $2400. 

In the United States the nearest 
similar type of education is that 
which has been provided by the 
Government under Public Law 346, 
the so-called G. I. Bill. Last year 
close to a million veterans were in 
schools under the terms of this 
act, which gives up to four years’ 
training, depending on the duration 
of their active military service. As 
much as $500 a year is allowed for 
tuition fees, books, and supplies; 
and from $75 to 120 a month for 
subsistence. 

State universities provide an edu- 
cation at nominal tuition fees to 
state residents, and several city 
universities and colleges give free 
or nominal tuition to city residents, 
but we have no Federal university. 

Here in New York State a move- 
ment is on foot to set up a state 
university, and we have been ap- 
proached as to whether or not a 
mining course should be included. 
For years there has been some- 
thing at Albany called the Uni- 
versity of the State of New York 
but it exists in name only so far as 
the popular understanding of the 
term goes. Our reply to the ques- 


tionnaire we fear was not too en- 
couraging; we do not feel that a 
new school in New York State to 
teach any branch of mineral tech- 
nology is needed. 


Private Enterprise 

Doubtless it’s an old yarn, for it 
came to us via New Zealand and 
Canada, and our eyes and ears 
have not been attuned much in the 
last year to the lighter side of life, 
but for the benefit of those to 
whom it is new, we offer the fol- 
lowing ancedote in somewhat ab- 
breviated form: 

A foreign reporter was trying to 
find out how the working class in 
America felt about our capitalistic 
practices, and among others inter- 
viewed a typical factory workman. 

“What do you think about the 
way the workman fares under the 
American system?” he _ asked. 
“Why, I think it’s wonderful.” 
“You do? Why ?” “Well, in so many 
ways. Just an example: You finish 
a hard day’s work and are wait- 
ing at a near-by corner for a bus 
to take you home. Along comes the 
boss, riding alone in a big car, and 
he stops and asks if he can give 
you a lift. He asks where you live 
and you tell him you live in the 
city about ten miles away. He says 
he will be glad to drive you there, 
that he wants to get your point of 
view and talk over your work, but 
must stop at his house first and 
make an important telephone call. 
You tell him you'll be glad to wait, 
and while he is making his call he 
invites you in for a drink. After 
that is finished he says dinner is 
ready so you might as well stay 
and he will drive you home after- 
ward. After dinner you're sitting 
around the living room chatting 
with the boss, when he says, “It’s 
getting pretty late so you might 
as well stay right here and I'll 
drive you to work in the morning.” 
This seems like a sensible sugges- 
tion, so you agree. 

By this time the reporter’s eye- 
brows were raised in amazement at 
this evidence of American democ- 
racy. “Do you mean to say,” he 
asked, “that this sort of thing ac- 
tually happens under capitalism ?” 
“T certainly do,” replied the work- 
man. ‘But,’ persisted the inquirer, 
“did it ever actually happen to 
you?” “No,” admitted the work- 
man, “but it happened to a girl in 
our plant.” 
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Things to Do 


AIME and ASME Hold Joint Fuels Conference at French Lick 


French Lick, Ind., is 
a particularly pleasant 
place in October. Plan 
to be at the French Lick 
Springs Hotel on the 
26th and 27th. In addi- 
tion to the usual induce- 
ments, the 12th annual 
joint meeting of the 
Coal Division, AIME, 
and the Fuels Division, 
ASME, will attract hun- 
dreds of engineers in the 
coal and fuel industries. 

The opening session 
will be devoted to a sym- 
posium on the dewatering and drying of coal. You’ll 
want to hear V. F. Parry and E. O. Wagner report 
on their experience in drying fine coal at the Bu- 
reau of Mines experiment station at Golden. F. P. 
Calhoun and E. C. Carris come next with two papers 
dealing specifically with flash drying. The sym- 
posium closes with a paper by J. L. Erisman on 
Coal Drying in Multi-Louvre Dryer. 

Thursday morning will be devoted to a discussion 
of froth flotation of coarse coal particles by R. E. 
Zimmerman and S. C. Sun; a description of the 
laboratory control practiced at the mines of the 
Ayrshire Collieries by J. J. Merle and R. A. Mullins; 
and a paper by T. C. Spicer on the use of ignition 
baffles with single retort stokers. 

Thursday afternoon a trip is planned to the Maid 
Marion strip mine of the Central Indiana Coal Co., 
where visitors will be able to see some of the latest 
earth moving machinery and the operation of a 
coal dryer of R. G. Baughman’s design. Mr. Baugh- 
man, who is general superintendent of preparation 
and construction for Central Indiana, is conducting 





E. R. Price, Chairman, 
Coal Division, AIME 


the trip to the mine, 
some 35 miles from 
French Lick. 

Start making your 
plans now to attend the 
meeting. Registration 
blanks and further par- 
ticulars will be sent to 
members of the two divi- 
sions about six weeks 
before the meeting. 

While the principal 
attraction is presumed 
to be the technical ses- 
sions, experience in the 
past affords eloquent 
testimony that those who attend will have a good 
time on the golf course, comfortable porches, and 
in smoke-filled rooms. 





E. R. Kaiser, Chairman, 
Coal Div., Program Committee 


75th Anniversary at Colorado Mines 


Ben Parker, president 
of the Colorado School 
of Mines, extends a cor- 
dial invitation to mem- 
bers of the AIME to at- 
tend the School’s 75th 
anniversary of its found- 
ing on Sept. 20 to Oct. 
1. Conferences on Fri- 
day and Saturday will 
include coal mining, geo- 
physics, metallurgy, 
metal mining, geology, 
and several phases of 
the petroleum industry. 

The Industrial Min- 
erals Division of the AIME, is holding a session in 
conjunction with the celebration. 





Ben Parker, President, 
Colorado School of Mines 





How to Get the Most From the Meeting 


ttending a meeting profitably is the hardest 

kind of work; calls for a variety of skills; pays 

good dividends to the successful. The mind must 
go along with the body. 

Every experienced meeting-attender has his own 
ideas on how to get the most out of the event. 
Here are a few from an observer’s handbook. 

Seek new contacts, unfamiliar ideas. A conven- 
tion is a place where people come together for a 
purpose. Shun the people and you miss the pur- 
pose. To return empty-handed from any gathering 
is just as wasteful as to return empty-handed from 
a sales trip. 

Neither pure extroverts nor pure introverts get 
the most out of conventions and meetings. One 
talks so much he doesn’t hear much except the 
sound of his own voice. The other keeps to himself 
and hears nothing he couldn’t read in some pub- 
lication next week. 

Listening closely to speakers is a small part of 
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profit-taking from meetings. You must be trying, 
as well, to analyze, to poke holes in the statements; 
to translate the ideas into terms of your own prob- 
lems. 

Alert listening breeds questions, stimulates addi- 
tional ideas. In discussion, ask those questions, ex- 
press those ideas. A good session at a convention 
should be a sort of intellectual ‘‘Hellzapoppin’.” 

Make yourself available for committee activity. 
It often associates you with leaders; makes you im- 
portant to your own organizations; gives invaluable 
experience in getting results through group co- 
operation. When you get back home, finish your 
convention-attending job. If your boss wasn’t smart 
enough to ask for a memorandum about the meet- 
ing, write one anyhow. Fill it with facts, but point 
the meaning of each fact in relation to your com- 
pany and your job. 

Then you are through attending that meeting... 
and you will be glad of it! (Excerpts from “Getting 
Along With Others in Business,” by N. G. Shidle.) 
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Horace M. Albright, president of the 
U. S. Potash Co., has been elected 
chairman of the National Minerals 
Advisory Committee, succeeding 
Donald H. McLaughlin, president of 
the Homestake Mining Co., and nom- 
inee for AIME President in 1950. 


George M. Anderson, former Mis- 
souri School of Mines student, can 
now be reached at the Harbison-Wal- 
ker Refractories Co., Fulton, Mo. 


Robert W. Berkhahn has been em- 
ployed as a metallurgist by the 
American Smelting and Refining Co. 
in El Paso, Texas. 


T. P. (Josh) Billings has become 
consulting mining engineer for the 
U. S. Smelting Refining and Mining 
Co. Arch G. Kirkland succeeds him 
as manager of Western mines. Mr. 
Billings started his mining career 
in 1903 at Birmingham where he 
had charge of Tintic and Bingham 
operations of the Bingham Mines 
Co. In January 1929 he joined the 
U. S. Smelting organization as as- 
sistant to the manager of mines. 
Mr. Billings was given the position 
of manager of Utah mines in 1934 
and in 19386 was advanced to assist- 
ant general manager of mines. He 
has been manager of Western mines 
since 1943 

Mr. Kirkland is a graduate of 
Queens University at Kingston, Ont. 
He was manager of Mic Mac Mines, 
Ltd., a subsidiary of the U. S. 
Smelting, for six years previous to 
his coming to Salt Lake City as 
assistant manager of western mines 
in February 1947 which followed 
the company’s sale of the Mic Mac 
interest. In January 1949 he was 
made assistant manager of Western 
mines. Mr. Kirkland had been em- 
ployed by the Hollinger Gold mines 
and Hard Rock Gold mines, both in 
Canada, before his Mic Mac position. 


Louis S. Cates expected to go to 
Africa on July 31 and will be back 
some time in October. 


Nicholas Chlumecky graduated last 
spring in mining engineering at the 
University of British Columbia, and 
is now with the Britannia Mining 
and Smelting Co., Britannia Beach, 
me 


Norman Cleaveland, formerly of 
Berkeley, Calif., has gone to Kuala 
Lumpur, Malaya, as manager of the 
Pacific Tin Consolidated Corp. 
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Clyde Williams 
Golyer out for a stroll in Washington. 
Our reporter notes "at least two ex-Presi- 
dents of AIME are able to perambulcte." 


(left) and Everette De 


Ward Carithers, who had been work- 
ing for the Chelan division of the 
Howe Sound Co. in Holden, Wash., 
is currently mining geologist for the 
Calera Mining Co., Forney, Idaho. 


Jack Christie has been made assist- 
ant underground manager of the 
N’Kana mine of the Rhokana 
Corp., Kitwe, N. Rhodesia. He 
started his mining career at the 
N’Kana mine fifteen years ago, with 
unbroken service. Last spring he 
visited the Witwatersrand gold 
mines and the Premier diamond 
mine, studying new mining methods. 


John J. Collins, geologist with the 
U. S. Geological Survey, has taken 
up residence in Washington, D. C., 
at 2121 Virginia Ave., N.W. He has 
been assigned to the mineral re- 
sources section of the Survey, his 
project being an estimation of the 
resources and exploration possibili- 
ties for copper in the United States. 


S. G. Lasky is chief of the newly 
created mineral resources section. 


R. P. Connett, formerly with the 
Fredericktown Lead Co.’s_ Valle 
mines in Missouri, is now with the 
United States Gypsum Co. at Ala- 


baster, Mich. 


Forbes B. Cronk, after 44 years of 
continuous service, retired as gen- 
eral mining engineer of the Oliver 
Iron Mining Co. on July 1. He 
started work for Oliver as a mining 
engineer on the Mesabi, earning 
recognition of his capabilities that 


Personals 


resulted in his becoming chief engi- 
neer of the Coleraine district in 1910. 
After correlating exploration and 
mining developments, he was trans- 
ferred to Duluth headquarters as 
second assistant general mining en- 
gineer. His appointment as general 
mining engineer came in 1945. Mr. 
Cronk will continue with the Com- 
pany in an advisory capacity. 


H. W. deVriendt, who was a director 
of the Billiton tin smelter at Arnhem 
and an adviser of Billiton, has be- 
come general director of S. A. Belgo- 
chimie, Ghent, Belgium. 


W. G. Donaldson has returned from 
Honduras after developing and 
equipping the San Andres Mine, a 
gold property owned by the New 
Idria Honduras Mining Co. in the 
western part of the country. The 
cyanide plant has a capacity of 250 
tons per day and went into produc- 
tion last October. Mr. Donaldson 
now resides at 50 Alta Rd., Berkeley, 
Calif. 


Tell Ertl is now a mining engineer 
with the Union Oil Co. of California, 
at Rifle, Colorado. 


E. W. Felegy is now an assistant 
supervising engineer for District F, 
Safety Branch, Bureau of Mines in 
Duluth. His home address is 4842 
London Rd., Duluth 4, Minn. 


William T. Folwell is now mining 
engineer for the Hecla Mining Co., 
Burke, Idaho. 


Glenn H. Fritz left the States in 
June for Calcutta, India, where he 
will represent the Joy Mfg. Co. Mr. 
Fritz joined the Company fast fall, 
and underwent a period of intensive 
training in the application of Joy 
equipment to mining and tunnelling 
operations. Prior to joining Joy, he 
had been assistant engineer with 
Anaconda, training men for survey- 
ing and operating work at Butte. 
Mr. Fritz is no stranger to the Far 
East, having served with the USAF 
there during the recent war. Mrs. 
Fritz accompanied her husband to 
India, and they can be reached c/o 
Volkart Bros., Inc., 8 Netaji, Subhas 
id., Calcutta. 


Louis Gence has resigned as man- 
ager of the Jean Felli Mica Mines, 
Bekily, Sud Madagascar, and is now 
connected with the Societe des Min- 
erais de la Grande Ile as mine super- 
intendent of their Ambatoabo mine 
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about forty miles northwest of Fort 
Dauphin, Madagascar. 


John Griffen, coal preparation engi- 
neer with the Pittsburgh office of 
the McNally Pittsburgh Mfg. Corp., 
Sailed on the Queen Elizabeth on 
July 15 for a two month inspection 
tour of European coal cleaning 
plants. He’ll visit with government 
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12 Mid-Continent Section, AIME . 

14 El Paso Metals Section, AIME. 

15 Carlsbad Potash Section, AIME. 

15 North Pacific Section, AlME. 

15 Utah Section, AIME. 

15-16 Magnesium Association, Hotel 
Statler, Detroit. 

16 Oregon Section, AIME. 

20 Gulf Coast Section, AIME. 

20 Washington, D. C., Section, AIME. 

21 Southwest Texas Section, AlME. 

26 Alaska Section, AIME. 

27 Montana Section, AIME. 

29. American Iron and Steel 
tute, Hotel Statler, Buffalo. 

25-28 American Mining Conaress 
Metal Mining Convention, Hotel 
Davenport, Spokane, Wash. 

25-28 Mid-year Meeting, AIME, Neil 
House, Columbus, Ohio. 

29-30 ASME, fal! meeting, Erie, Pa. 
29-Oct. | Colorado School of Mines, 
75th anniversary celebration. 
Sept. 30-Oct. | Southern Ohio Section 
of Open Hearth Committee, 
AIME, fall meeting, Deshler-Wal- 

lick Hotel, Columbus. 


OCTOBER 

3-4 National Assn. of Corrosion En- 
gineers, Adolphus Hotel, Dallas, 
Texas. 

3-6 Assn. of Iron and Steel Engineers, 
William Penn Hotel, Pittsburgh. 

5-7 Petroleum Branch, AIME, fall 
meeting, Plaza Hotel, San An- 
tonio, Texas. 

6 American Iron and Steel 
tute, Drake Hotel, Chicago. 

10-14 American Society for Testing 


Insti- 


Insti- 


Materials, Fairmont Hotel, San 
Francisco. 
13-14 Texas Mid-Continent Oil and 


Gas Association, annual meeting, 
Rice Hotel, Houston. 

14 Eastern Section, Open Hearth 
Committee, Iron and Steel Divi- 
sion, annual all-day fall meeting, 
Warwick Hotel, Philadelphia. 

14 Southwestern Section, Open 
Hearth Committee, Iron and 
Steel Division, Kansas City, Mo. 


17-19 Institute of Metals Division, 
AIME, fall meeting, Allerton 
Hotel, Cleveland. 


17-21 National Metal Congress and 
National Metal Exposition. Pub- 
lic Auditorium, Cleveland, Ohio. 
17-21 American Society for Metals 

annual meeting, Cleveland, Ohio. 
17-21 American Welding Society, an- 
Cleveland, Ohio. 


1 3° 
nuc! meeting 


17-23 AIEE, 1949 Mid-West meetina 
Netherland Plaza, Cincinnati 
19-20 Society for Non-Destructive 


Testing, Cleveland, Ohio. 
20-21 Petroleum Branch, AIME, Elks 
Club, Los Angeles. 





—Calendar of Coming Meetings 


and private coal preparation special- 
ists in England, France, Belgium, 
and the Netherlands. 


George C. Heikes, formerly with the 
Kennecott Copper Corp., has gone 
to Athens, Greece, with the ECA. 
His address is ECA, Athens, APO 
206, care of Postmaster, New York 
City. 





24-28 Thirty-seventh National Safety 
Congress and Exposition, Chi- 
cago. 

26-27 Joint Fuels Conference, ASME- 
AIME, French Lick Springs Hotel, 
French Lick, Ind. 

28 Pittsburgh Section of Open 
Hearth Committee and Pitts- 
burgh Section, AIME, annual fall 


meeting, William Penn Hotel, 
Pittsburgh. 
28-29 ECPD, annual meeting, Edge- 


water Beach Hotel, Chicago. 


NOVEMBER 

1-5 Pacific Chemical Exposition, Cali- 
fornia Section, American Chemi 
cal Society, San Francisco Civic 
Auditorium. 

2-4 American Society of Civil Engi- 
neers, fall meeting, Washington, 
D.< 

7-10 AIChE, annua 
burgh, Pa. 

7-12 International congress on tunnel 
driving in rock formation, organ- 
ized by the Societe de |'Industrie 


Pitts- 


meeting, 


Minerale. Information on meet- 
ing available from French Mining 
Mission, 1322 I8th St., N. W., 


Washington, D.C. 
9-11 Industrial Minerals Division, 
AIME, Tampa, Fla. 


10-14 ASTM, first Pacific area na- 
tional meeting, San Francisco, 
Calif 

12-14 Geological Society of America 
annuol meeting, Hotel Cortez 
EI Paso. 


14 Arizona Section, AIME, annual 
meeting, Pioneer Hotel, Tucson, 
Ariz 

16-18 Industrial Hygiene Foundation 
14th annual meeting, Mellon In- 


stitute, Pittsburgh. 

DECEMBER 

7. American Mining Congress, An 
nual Business Meeting, New 
York City. 


8-10 Seventh Annual Conference, 
Electric Furnace Steel Commit- 


tee, lron and Steel Division, 
AIME, Hotel William Penn, Pitts- 
burgh. 

JANUARY 1950 

18-20 American Society of Civil Engi 
neers, annual meeting, New York. 

30 AIEE, winter meeting, New York. 

FEBRUARY 1950 

10 Southwestern Section, Open 


Hearth Steel Committee, Iron 
and Steel Division, St. Louis, Mo. 

12-16 Annual Meeting, AIME, Statler 
(Pennsylvania) Hotel, New York 
City. 
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Samuel B. Kanowitz is eastern dis- 
trict manager of the Raymond pul- 
verizer division of the Combustion 
Engineering Co., 200 Madison Ave., 
New York City. 

Leon D. Keller resigned as chemist 
with the Sullivan Mining Co., Kel- 
logg, Idaho, in March to accept a 
post as metallurgical engineer with 
The Dorr Co. He is engaged at 
present in doing heavy chemical and 
metallurgical research at the West- 
port mill of the Company. 


Sherwin F. Kelly has been made 
chairman of the Geophysics Com- 
mittee of the Canadian Institute of 
Mining and Metallurgy for the com- 
ing year. 

George A. Kiersch is currently em- 
ployed as engineering geologist by 
the Sacramento District, U. S. 
Corps of Engineers since resigning 
from the faculty of the Montana 
School of Mines. Dr. Kiersch spent 
over a year doing geological re- 
search connected with underground 
construction, and at present is res- 
ident geologist, Folsom Dam, where 
a large exploration program is un- 
derway. He resides at 4011 Berk- 
shire Ave., Sacramento 17, Calif. 


Paul P. Kraai is working for Bech- 
tel Bros. Construction Co. at South 
Fork, Calif. His mailing address 
is Yosemite Forks, Oakhurst. He 
was working in the department of 
mining and metallurgy of the Twin- 
ing Laboratories at Fresno. 


Arnold B. Landstrom, mill super- 
intendent for the Isle Royale Copper 
Co. until the firm ceased mining op- 
erations, has become associated with 
the research department of the Cal- 
umet & Hecla Consolidated Copper 
Co. 

Thomas E. Luebben, research engi- 
neer with the Hegeler Zinc Co., Dan- 
ville, Ill., was formerly, with the 
Chicago-Harrisburg Coal Co. 
Louis C. McCabe, former coal branch 
chief in the Bureau of Mines and for 
the last two years director of the 
Los Angeles, Calif., Air Pollution 
Control District, rejoined the Bu- 
reau on July 5 as chief of air and 
stream pollution prevention re- 
search. He will supervise work in 
this field and will assist the mineral 
industries in improving methods and 
devices designed to prevent the emis- 
sion of harmful substances from 
mines, mills, smelters, and other in- 
stallations. He will also serve as 
assistant chief of the fuels and ex- 
plosives division under A. C. Field- 
ner, chief of the division. While on 
the West Coast Dr. McCabe was 
largely responsible for the progress 
recently made in developing ways 
and installing equipment designed to 
hazardous air conditions 
Los Angeles. 


control 
around 
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Hugh McKinstry is now serving as 
first vice-president of the Society of 
Economic Geologists. He is one of 
eleven AIME Members now direct- 
ing the Society. The others are: 
Olaf N. Rove, Secretary; J. T. Singe- 
wald, Jr., treasurer; and Councilors 
Ernest F. Bean; Gilbert H. Cady; 
Carlton D. Hulin; Donald Davidson; 
William Callahan; Philip J. Shenon; 
Andrew Leith and John Gustafson. 


Arnold H. Miller, consulting engineer 
with offices in New York City, has 
been appointed by the board of di- 
rectors as consulting engineer for 
the newly formed Cia. Minera Real 
de Plomosas, S.A. de C. V. Mr. Miller 
is at present in Sinaloa, Mexico, on 
work for the Company. 


James J. Naughten is now employed 
as an assistant engineer with the 
engineering department of the Ana- 
conda Copper Mining Co. 


Earl K. Nixon took a three month 
leave of absence from the Kansas 
State Geological Survey during the 
summer to go to Alaska and the 
Yukon on private consulting work, 
evaluating mineral deposits of vari- 
ous kinds. 


John C. Nixon received the degree 
of Doctor of Philosophy in metal- 
lurgy from the University of Utah 
last June for research on the theory 
of flotation. He is working at pres- 
ent for the Climax Molybdenum Co. 
in Climax, Colo., and hopes to return 
to his home in Australia before the 
end of the year. 


Peter B. Nalle, after receiving his 
M.S. degree in mining from Colum- 
bia in January, started work for the 
St. Joseph Leax Co. at Bonne Terre. 


Charles A. O’Connell is now under- 
ground manager, having been pro- 
moted from mine engineer, for Muf- 
ulira Copper Mines, Mufulira, North- 
ern Rhodesia, S. Africa. 


Edward B. Olds is addressed at the 
Bunker Hill & Sullivan Mining and 
Concentrating Co., Kellogg, Idaho. 
He had been with Consolidated 
Coppermines Corp. 

T. A. O’Hara has changed his ad- 
dress from Bissett, Man., where he 
was employed by San Antonio Gold 
Mines, to Flin Flon, Man. He is now 
employed as mining engineer by the 
Hudson Bay Mining and Smelting 
Co. with work as assistant to the 
testing and ventilation engineers. He 
has been testing and reporting on 
the performance of the low carbon 
nickel alloys drill steel which the 
Company hopes will replace the pres- 
ent high carbon alloy drill steel in 
current use. 

A. A. Parish, formerly with Aus- 
tralian Iron and Steel Ltd., has b2- 
come works manager for Southern 
Portland Cement Ltd., limestone 
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quarrying and cement manufactur- 
ing, Moss Vale, N.S.W., Australia. 


D. W. Phillips has been appointed 
to the chair of mining at the New 
South Wales University of Tech- 
nology, Broadway, Sydney, Aus- 
tralia. 

Robert N. Pursel, after leaving 
military service in 1946, returned to 
Venezuela with the Texas Petroleum 
Co. where he was on the engineering 
staff. On June 16 he left for the 
Middle East for engineering work 
on the Trans Arabia Pipeline Com- 
pany’s pipe line from Saudi Arabia 
to the Mediterranean Sea. His new 
address is in care of the Company, 
P. O. 1348, Beirut, Lebanon. 





Francis P. Williams, Jr. 


Francis P. Williams, Jr., who gradu- 
ated from Tri-State College last 
March with a degree in chemical en- 
gineering, is now employed as a 
chemist with the experimental’ di- 
vision, Western Precipitation Corp.. 
1016 W. 9th St., Los Angeles, Calif. 
Before completing his college work, 
Mr. Williams had served for two 
years with the Navy in the Pacific. 
and prior to that, was with the Ne- 
vada-Massachusetts Co. 


Thomas A. A. Quarm is no longer 
employed by the Frontino Gold 
Mines, Ltd., Antioquia, Colombia, 
where he was shift boss in charge 
of smelting. He is now with the 
Cerro de Pasco Copper Corp. as as- 
sistant research metallurgist. He 
receives mail at the Hotel Junin, 
La Oroya, Lima, Peru. 


John G. Reilly has resigned his post 
as general manager of the Bayard 
department of the U. S. Smelting 
Refining and Mining Co. to become 
a consultant. He will continue to re- 
side at 407 College Avenue, Silver 
City, N. Mex. 


H. A. Quinn has returned from West 
Africa and resumed his former post 
on the geological staff of Norman 
W. Byrne, consulting mining engi- 
neer, at Yellowknife, N.W.T. 


August F. Rambosek is now with 
the Phelps Dodge Corp. in Tyronne, 
New Mexico, having moved there 
from Park City, Utah. Mr. Ram- 
bosek, who was married a few 
months ago, is a graduate of the 
Montana School of Mines. 


Francis F. Redfield has returned to 
the States from Aguilar, Argentina, 
and is now working as a mining en- 
gineer with the St. Joseph Lead Co. 


John J. Reed in September of 1947 
was transferred by the Braden Cop- 
per Co. from his post as assistant 
mine foreman and since that time 
has been field engineer in the hy- 
draulic division of the electrical de- 
partment. His present work in- 
volves the operation, maintenance, 
and construction of the extensive 
hydro electric power system devel- 
oped by Braden. Recently, Mr. Reed 
returned to Chile after spending a 
four month vacation with his family. 


John A. Riddle, after graduation 
from the Colorado School of Mines 
in May, took the job of an engineer- 
ing trainee with the Oliver Iron 
Mining Co., Coleraine, Minn. 


John A. Riley was named president 
of the Colombian Development 
Corp., New York City, at the con- 
cern’s May board meeting. 


Vernon J. Rogers, formerly at Wash- 
ington State College, is now field 
assistant with the U. S. Geological 
Survey and _ receives his mail 
at General Delivery, Bozeman, Mont. 
Robert L. Root completed the 
course in mining geology at the 
Missouri School of Mines and Metal- 
lurgy in January and is now work- 
ing as assistant engineer and geolo- 
gist for the International Smelting 
and Refining Co. 

John W. F. Rudnicki received a B.S. 
mining engineering in 
Lehigh and a B.S. in 


degree in 
1948 from 


civil engineering from the same 
university this February. His pres- 
ent post is field engineer in the 


Chesapeake and Ohio Railway coal 
development department in Hunting- 
ton, W. Va. 

Carl F. Schaber is now with the 
Mackenzie Engineering Co., 8 Dake 
St.,Manchester Square, London W-1, 
as resident engineer in charge of 
building the new 500,000 ton steel 
plant in Yugoslavia. He had been 
a member of the staff of H. A. 
3rassert & Co. His permanent ad- 
dress remains at 500 S. Tin Ave., 
Deming, N. Mex. 


Edward A. Sawitzke is now an engi- 
neer with the E. J. Longyear Co., 
Minneapolis, Minn., having left his 
post as secretary and vice-president 
of the Diamond Drilling Co. In his 
new job, he’s working on the Fried- 
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ensville shaft in Friedensville, Pa. 
Letters reach him at Box 54, Center 
Valley, Pa. 


A. H. Shoemaker, general manager 
of the Triumph Mining Co., was 
elected president of the Idaho Mining 
Ass’n at its annual meeting in June. 
At the same time Henry L. Day, 
president and general manager of 
Day Mines, Inc., was elected vice- 
president of the Association, and 
Harry W. Marsh of Boise was re- 
elected secretary. Harry D. Bailey 
of Stibnite, resident manager of the 
Bradley Mining Co., and J. C. Kieffer 
of Kellogg, manager of the Spokane- 
Idaho Mining Co., will serve as two 
of the four directors elected for the 
forthcoming year. 


E. Nelson Strang, who graduated in 
June from Lafayette College, and 
who was president of the John Mar- 
kle Society at that school, is now a 
mine inspector for the Stonega Coal 
and Coke Co. in Big Stone Gap, Va. 
Mr. Strang was a transitman for the 
mine from 1938 to 1942, and during 
his summer vacations in 1946, '47 
and ’48. 


—— At the Rio Conference —— 


When the First Pan American En- 
gineering Congress met in Rio de 
Janeiro from July 15 to 24th, there 
were fourteen AIME Members there 
to present technical papers. Those 
who attended were: 


T. G. MacKenzie, who collaborated 
on a paper on the economics of 
power development in Latin Amer- 
ica; Richard J. Lund, who presented 
his paper on “Stockpiling in the U. 
S.—Past, Present and Future” 
(which appeared in the August issue 
of ME); Sherwin F. Kelly, who 
spoke on geophysical methods ap- 
plied to exploration for ground water 
supplies; J. H. Evans, ‘‘Geophysical 
Explorations for Mineral Deposits”’; 
H. W. Straley, III, ‘Copper Deposits 
of the Western Hemisphere”; R. L. 
Anderson, “Trends in Mechanical 
Loading and Strip Mining of Bitu- 
minous Coal’; W. A. Leech, Jr., ‘““By- 
Product Coking”’; Richard M. Foose, 
“Photogeology—A Tool for Minera! 
Development”; A. M. Bateman, 
“America’s Stake in the Mineral Re- 
sources of the World” (which ap- 
peared in the July issue of ME); J. 
M. Wolfe and Fred T. Agthe, ‘““Mod- 
ern Portland Cement Practice’”’ 
Harry H. Power, “Petroleum Engi- 
neering Education and the Quantita- 
tive Approach”; John A. Ruppert, 
Jr., and John E. Conley, ‘‘Develop- 
ments in the Manufacture of Light- 
weight Aggregates”; and Carl W. 
Westphal, ‘““Modern Mechanical 
Methods in the Chemical and Proc- 
essing Industries.” : 
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George M. Potter 


George M. Potter has completed his 
one year assignment with the For- 
eign Minerals Branch of the Bureau 
of Mines in Mexico and has returned 
to the Salt Lake City branch of the 
metallurgical division. His new ad- 
dress is Bureau of Mines, 1600 E. 
First S. St., Salt Lake City 1. 


Herbert C. Schweitzer is with the 
Molybdenite Corp. of Canada, La 
Corne, Val D’or, Que. He was pre- 
viously employed by the Associated 
Metals and Minerals Corp. 


Robert H. Shepard graduated in 
June from Brooklyn College with a 
B.S. degree in geology. He is em- 
ployed at present in the mineral 
classification branch, conservation 
division, of the U. S. Geological Sur- 
vey. He can be addressed care of 
the Survey, P. O. Box 997, Roswell, 
N. Mex. 


Robert L. Swain became assistant 
chief mine engineer of the Braden 


Copper Co., Rancagua, Chile, and 
can be reached at the mine staff 
house, care of the Company. He 


had been with the Consolidated 


Coppermines Corp. 


John S. Sumner, who recently grad- 
uated from the University of Minne- 
sota with a B.S. degree in geology 
and physics, is now working as an 
assistant geologist with the Cleve- 
land-Cliffs Iron Co., Ishpeming, 
Mich. 


H. A. Toelle, Jr., can be reached in 
care of the Braden Copper Co., Ran- 
cagua, Chile. He had been addressed 
at Michigan College of Mining and 
Technology. 


Paul M. Tyler is now in Europ? 
studying ECA activities as part of 
his new position as minerals consul- 
tant for the Joint Congressional 
Committee on Foreign Economic Co- 
operation. He expects to visit sev- 
eral projects in the Near East and 
Africa, and then return to Washing- 
ton in the fall. 





William Huff Wagner, consulting en- 
gineer, is now secretary of the new 
Committee on Engineers in Civil Ser- 
vice of the Engineers Joint Council. 
The five-man Committee is composed 
of representatives from ASCE, 
ASChE, ASME, AIEE, and AIME, 
represented by Mr. Wagner. Its 
function is to maintain close liaison 
with the U. S. Civil Service Com- 
mission and other Federal agencies, 
in order to provide closer coopera- 
tion between the government and 
the 100,000 members of the four 
Founder Societies and the AIChE. 
Questions such as those of job stand- 
ards and qualifications of govern- 
ment-employed engineers will form 
an important part of the Commit- 
tee’s work. Present headquarters 
are in the Washington offices of the 
ASCE. 


Louis Ware, president of the Inter- 
national Minerals and Chemical 
Corp., sailed for Europe on July 12th 
for a two month business trip, with 
the object of studying economic con- 
ditions on the Continent and inspect- 
ing French and German potash 
mines in which his company has in- 
terests. Accompanied by Mrs. Ware, 
Mr. Ware visited European agents 
and customers of the Company. 

Woodrow W. West has been ap- 
pointed chief sales engineer for the 
Pennsylvania Crusher Company’s di- 
vision of bath iron works in Phila- 
delphia. Mr. West has been with the 
company for seven years, working 


up through engineering, testing, 
shop inspection, and sales. He had 


a part in engineering and designing 
the Reversible impactor, a device 
which has begun to replace the 
standard type hammermill in the 
cement and stone industries. Mr. 
West has studied engineering at 
both Indiana Technical College and 
Temple University. 


G. M. Wiles has been appointed divi- 
sion manager of the St. Louis smelt- 
ing and refining division of the Na- 
tional Lead Co., and A. R. Reiser has 
been named as his assistant. At the 
time, two other executive 
changes have made H. A. Krueger 
plant manager of the Tri-State op- 
erations of the division, and A. J. 
Yahn plant manager of the division's 
Frederickstown operation. Other 
changes in the Company now find 
Frank R. Milliken serving as assist- 
ant manager of National Lead’s Ti- 
tanium Division, with headquarters 
in New York; George W. Wunder 
succeeding Mr. Milliken as manager 
of the MacIntyre development in 
Tahawus, N. Y.; and Paul W. Allen 
becoming assistant plant manager at 
that site 


same 


J. H. Williams is now a fuel engi- 
neer on the staff of the Fairmont 
Coal Bureau. During the early years 
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of his career he was closely con- 
nected with the bituminous coal in- 
dustry as a test engineer in Cleve- 
land, and during the war engineered 
and operated several Ordnance Di- 
vision plants. He has been a con- 
sulting engineer in the power field 
since that time. 


Sidney E. Worthen is now a sectional 
engineer for Patino Mines and En- 
terprises Cons., and can be reached 
at Llallagua, Bolivia, S.A. 


—In the Metals Branch— 


Robert K. Allen and Alvin H. Kas- 
berg, both seniors in the department 
of metallurgy at the University of 
Wisconsin, took top honors in this 
year’s James F. Lincoln Arc Welding 
Foundation undergraduate awards, 
with their paper entitled “A Study 
of the Welding Characteristics of 
Aluminum Bronze Electrodes.” The 
award, made on July 9, was $1,000, 
and, in addition, an equal amount 
was presented to the University to 
-stablish four annual scholarships of 
$250, to be known as the Robert K. 
Allen, Alvin H. Kasberg-Lincoln 
Foundation Scholarship. The award 
formed part of scholarships totalling 
$6750 presented to three schools, and 
to 77 undergraduates in 47 engineer- 
ing schools, which prizes are de- 
signed to stimulate engineering un- 
dergraduates to aid in the develop- 
ment of the science of arc welding. 


George Allison is working at Dumas, 
Texas, as plant metallurgist for the 
American Zinc Co. of Illinois. 


J. K. L. Andersen since June 1 has 
been employed as assistant to the 
director of A/S Bremanger Kraftsel- 
skap, a pig iron plant, boks 524, Ber- 
gen, Norway. 


Edward L. AuBuchon, since his grad- 
uation from the Missouri School of 
Mines last May, has taken the job 
of open-hearth metallurgist with the 
Wisconsin Steel Works, Chicago. His 
address is 10232 S. Ave. J, Chi- 
cago 17. 

Edgar C. Bain, vice-president of the 
Carnegie-Illinois Steel Co., will re- 
ceive the 1949 Gold Medal of the 
American Society for Metals at the 
annual dinner of the Society on Oct. 
20 at the Hotel Statler, Cleveland. 
Dr. Bain receives this, one of the 
highest honors made available in the 
metals industry, in recognition of 
his great versatility in applying sci- 
ence to the metal industry. 

George M. Baumann has been made 
purchasing agent and assistant to 
the plant manager of the Whiting 
plant, Federated Metals Division, 
American Smelting and Refining Co. 
Associated with Federated Metals 
Since 1936, he has served in various 
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capacities in various plants in the 
States and in Mexico. For the past 
three years he had been assistant to 
the general manager of scrap pur- 
chases at the Company’s headquar- 
ters in New York City. 


J. H. Bechtold is research meta!lur- 
gist for the Westinghouse Research 


Laboratories at East Pittsburgh, Pa. 


His address is 5801 Aylesboro Ave., 
Pittsburgh 17. 


George A. Bivens, having graduated 
from the University of Michigan, is 
a junior engineer with the Worthing- 
ton Pump and Machinery Corp., Har- 
rison, N. J. 


John B. Campbell is associate editor 
of Materials and Methods, Reinhold 
Publishing Corp., 330 W. 42nd St., 
New York City 18. 


Kenneth L. M. Dodd is now manag- 
ing the Vancouver office of Canadian 
Allis-Chalmers, Ltd. He was for- 
merly a field engineer with the Den- 
ver Equipment Co. 





Harley S. Van Fleet 


Harley S. Van Fleet has been ap- 
pointed manager of Atlantic divi- 


sion research for the American Can 
Co., with headquarters in New York 
City. He was formerly chief of the 
container research section at the 
Company’s general research labora- 
tory. 


John F. Elliott is now with the re- 
search laboratories of the U. S. Steel 
Corp. in Kearny, N. J. Mr. Elliott 
took his Sc.D. degree in metallurgy 
from MIT in June, having written 
his doctor’s thesis on ‘‘The Thermo- 
dynamic Properties of Liquid Metal- 
lic Solutions.” 
George Enzian became assistant 
manager of metallurgical research 
of the Jones & Laughlin Steel Corp., 
Pittsburgh, on May 1. He is secre- 
tary of the Pittsburgh Section, 
AIME, as well as being active in 
the Pittsburgh Local Section of the 
Open Hearth Committee. 





Cal Zapffe 


Carl A. Zapffe and Miss M. E. Has- 
lem have been awarded a Certificate 
of Honorable Mention by the Wire 
Association for presenting the out- 
standing paper in the ferrous divi- 
sion of that industry in 1948. The 
paper described the discovery that 
hydrogen gas is absorbed by certain 
steels from inhibited pickling solu- 
tions in quantities as great as from 
uninhibited acids, causing important 
damage which has previously been 
blamed on other factors. Dr. Zapffe 
and Miss Haslem will receive the 
award at the annual banquet of the 
Wire Assn. in Chicago on Oct. 19. 


Arthur E. Focke, research metallur- 
gist for the Diamond Chain Co., In- 
dianapolis, has been nominated to 
serve for one year beginning next 
fall as president of the American 
Society for Metals. Elmer Gam- 
meter, chief metallurgist for Globe 
Steel Tubes Co. of Milwaukee, has 
been nominated to the board of 
trustees for a two-year term. Dr. 
Focke is a graduate of Ohio State 
University, where he also received 
his M.S. and Ph.D. degrees. Prior 
to his Diamond Chain affiliation, 
which began in 1930, he had been 
special metallurgist for General 
Electric Co. and chief engineer for 
P. R. Mallory Co. Mr. Gammeter, 
an employee of Glove Steel Tubes 
since 1943, had previously been man- 
ager of the stainless steel bureau, 
metallurgical division, Carnegie-Illi- 
nois Steel Corp. in Chicago, which 
followed six years as metallurgist 
for Edison General Electric Appli- 
ance Co. 


O. B. J. Fraser, of the International 
Nickel Co. in New York, has been 
named president of the American 
Welding Society for the coming year. 


Norman C. Jensen is an engineer 
with Consolidated Builders, Inc., at 
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the Detroit Dam. His new address 
is Box 515, Mill City, Oreg. 


David W. Levinson has been ap- 
pointed an instructor in the depart- 
ment of metallurgical engineering 
at Illinois Institute of Technology in 
Chicago. Mr. Levinson, who assumed 
his new duties on Sept. 1, took his 
master’s degree at Tech last June, 
and received his bachelor’s degree in 
February of last year. He will work 
under Otto Zmeskal, director of the 
department at the school. 


S. C. Massari has been awarded the 
John H. Whiting Gold Medal of the 
American Foundrymen’s Society, for 
“outstanding contributions in the 
field of ferrous metallurgy, molding 
and foundry practice and service to 
the wartime foundry industry with 
the Chicago Ordnance District.” Mr. 
Massari is technical director of the 
AFS and was for 18 years research 
metallurgist for the Association of 
Chilled Car Wheel Mfrs. 


Donald J. McMaster is a trainee in 
the remelt division of the Perma- 
nente Metals Corp. at Trentwood, 
Wash. His address there is N4501 
Bannon Ct. 


Ralph W. Preston, Jr., is now em- 
ployed by the Timken Roller Bearing 
Co. as a metallurgist trainee. He 
can be reached at the YMCA, 405 
2nd St., N.W., Canton 2, Ohio. 


Raymond A. Quadt has been ap- 
pointed director of aluminum de- 
velopment for the Federated Metals 
Division of the American Smelting 
and Refining Co. in Detroit. Mr. 
Quadt, who was formerly assistant 
manager of the firm’s general alumi- 
num department, will continue his 
extensive aluminum research in his 
new position—which research has 
already led to the development of 
Tenzaloy. 

Gilbert Soler, of the Iron and Steel 
Division, AIME, is now vice-presi- 
dent of manufacturing operations 
for Atlas Steels, Ltd., Welland, Ont., 
Canada. He was formerly works 
manager for the Company. 

J. C. Warner, dean of graduate 
studies and head of the chemistry 
department at Carnegie Institute of 
Technology, has been named presi- 
dent-elect of Carnegie Institute. He 
will fill a newly created office of 
vice-president until his inauguration 
after the present president retires on 
July 1, 1950. Dr. Warner’s election 
climaxes 23 years of outstanding ser- 
vice on the Carnegie faculty. Start- 
ing out as an instructor in chemistry 
in 1926, he advanced up the aca- 
demic ranks to become professor of 
chemistry and head of that depart- 
ment in 1938 and dean of graduate 
studies in 1945. On a two-year war 
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leave from the campus, as one of 
the nation-wide team of scientists 
which turned out the atomic bomb, 
he directed and co-ordinated re- 
search in the laboratories at the 
Universities of California and Chi- 
cago, Iowa State, MIT, and at Los 
Alamos, in highly confidential work 
on the purification of plutonium. 


—In Petroleum Circles — 


R. C. “Bob” Chenoweth has become 
manager of machinery sales for the 
Republic Supply Co. with headquar- 
ters in Houston. He has been en- 
gaged in the sales of machinery to 





R. C. Chenoweth 


the oil industry since 1929, at which 
time he started selling pumps in the 
Mid-Continent territory following 
graduation in mechanical engineer- 
ing from Purdue. Since 1939 he has 
been located in Houston and has rep- 
resented several of the large ma- 
chinery accounts in the Gulf Coast 
and Mexico areas. 

Rodney R. Adams has finished his 
schooling at the University of New 
Hampshire and is working for the 
Seismograph Service Corp. of Tulsa 
Ralph F. Atkinson is a junior engi- 
neer in the production department of 
the British American Oil Co. in Ed- 
monton, Alta. 

James R. Cameron has joined the re- 
search staff of Battelle Memorial In- 
stitute, Columbus, Ohio, where he 
is doing research in nonferrous 
metallurgy. An Ohio State graduate, 
he was associated with the Stanolind 
Oil and Gas Co. in Gorham, Kans., 
before taking this job. 

John M. Cooper is assistant manag- 
ing director of the Kuwait Oil Co. 
with offices at 1 Great Cumberland 
Place, London W1, England. He had 
been with the Gulf Oil Corp. in 
Houston. 

W. F. Dalton, who was chief engi- 
neer of the Hunt Oil Co., is now 


president of the Placid Oil 
Shreveport, La. 

Donald M. Davidson has been elected 
vice-president of the E. J. Longyear 
Co., Minneapolis, diamond drill con- 
tractors and manufacturers. 
Thornton Davis, president of the 
Linda Petroleum Co., San Antonio 
5, Texas, was formerly vice-president 
and manager of the Peerless Oil and 
Gas Co. 

Everette L. De Golyer received an 
honorary degree of Doctor of Engi- 
neering at Princeton University’s 
202nd annual commencement on 
June 14. The citation characterized 
him as “a geologist and oil producer 
whose international reputation in the 
field of petroleum engineering is un- 
excelled,” as well as ‘a prospector 
in the discovery of human abilities.” 
Elmer L. DeMaris is supervisor of 
exploration for the General Petrol- 
eum Corp., Box 2122, Terminal An- 
nex, Los Angeles 54, Calif. 

E. G. Dobson has been transferred 
to the post of chief petroleum engi- 
neer of the Texas Petroleum Co., 
Caracas, Venezuela. He had been in 
Bogota, Colombia. 

William F. Ellis is assistant petro- 
leum engineer with the Union Pro- 
ducing Co., P. O. Box 872, Vivian, La 
Glen E. Emmett, having graduated 
from Texas Technological College, 
has taken the job of engineer rev- 
enue agent with the Bureau of In- 
ternal Revenue. His new address is 
2159 Lovedale Ave., Dallas 9, Texas. 
L. W. Fagg is a partner in the John- 
son-Fagg Engineering Co., 4020 S 
Peoria Ave., Tulsa 5, Okla. 

George H. Fentress is now a tech- 
nical trainee in the geophysics sec- 
tion of the Phillips Petroleum Co. 
He received his degree in geologi- 
cal engineering from the Colorado 
School of Mines last May. 

Ray L. Freeborn, who is with the 
Continental Oil Co., has been moved 
from Wichita Falls, Texas, to serve 
as district engineer in the organiza- 
tion’s New Mexican District. He is 
addressed care of the Company, Box 
CC, Hobbs, N. Mex. 

John C. Gallivan is now production 
superintendent for the Wood River 
Oil and Refining Co., with offices at 
2527 20th St., Great Bend, Kans. 
James H. Galloway is now district 
superintendent for the Humble Oil 
and Refining Co., at 612 S. Flower 
St., Los Angeles, Calif. 

E. A. Galvin has joined the Western 
Gulf Oil Co., 1260 Terminal Bldg., 
Los Angeles, Calif., as chief produc- 
tion engineer. 

Alvin A. Geyer, who had been study- 


Co., 


ing at Louisiana State, is now a 
roustabout engineer with the Pan 


American Gas Co. at Texas City, 


Texas. 
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David Goodwill is now a production 
analyst in the production depart- 
ment of the Standard Oil Co. of Cali- 
fornia, at Box 151, Whittier, Calif. 
Ralph C. Graham, who was chief 
geologist with the Tennessee Gas 
and Transmission Co., is vice-presi- 
dent of the Coast Co., P. O. Box 1181, 
Houston. 

George H. Gray of Midland, Texas, 
has become division engineer for the 
Sinclair Prairie Oil Co., at P. O. Box 
1470 in that city. 

Russell W. Haller, after graduation 
from the University of Pittsburgh, 
joined the Continental Oil Co. as an 
engineer trainee. He is now working 
at the Company’s Gebo, Wyo., field. 
Mr. Haller is addressed care of the 
Company, Thermopolis, Wyo. 
Harold H. Knapp is a trainee engi- 
neer with the Ohio Oil Co. at Eureka, 
Kans. He had been a student at the 
University of Tulsa. 

Dan Kralis has become manager of 
exploration and assistant to the 
president of the Sunland Refining 
Corp., in Fresno, Calif. He heads the 
newly-formed division of exploration 
for the Company, and is carrying out 
development and exploration work 
in Texas, the Rockies, California and 
Nevada. Mr. Kralis was formerly 
with the Petroleum Exploration Ser- 
vice, a consulting firm, as chief 
geologist. His new home address is 
1307 Dakota Ave., Fresno. 

Jean Warren Meyers, formerly with 
the Stanolind Oil and Gas Co., is 
working for the Champlin Refining 
Co., Ellinwood, Kans., as a petroleum 
engineer. 

Paul O. Naut, no longer a student 
at Oklahoma University, is an en- 
gineering trainee with the Creole 
Petroleum Corp. at Tia Juana, Zulia, 
Venezuela. 

John A. Poulin can be addressed Oil 
and Gas Division, Foreign Branch, 
U. S. Dept. of the Interior, Wash- 
ington 25, D. C. 

Joe Lee Terry is now with the geo- 
logical department of the Houston 
Oil Co. of Texas, in Houston. 

Lyon F. Terry has been made vice- 
president of the petroleum depart- 
ment of the Chase National Bank. 
E. V. Watts has been appointed pro- 
duction superintendent of the South- 
ern Division of the General Pe- 
troleum Corp.’s production depart- 
ment. He had been assistant to the 
southern’ division superintendent 
since May of last year. Mr. Watts 
has been with the Company since his 
graduation from the California In- 
stitute of Technology in 1936, when 
he began as a roustabout in the Lost 
Hills field. His home address is 529 
Garfield Ave., S. Pasadena, Calif. 
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— Dhituaries 


ROBERT H. JEFFREY (Member 
1896) British-born mining engineer who 
had spent most of his career in Mexico, 
died on Jan. 31, at the age of 75. Mr. 
Jeffrey was a graduate of the Royal 
School of Mines in England, and began 
his professional career in this country 
at mines in Virginia and Arizona. In 





Robert H. Jeffrey 
1898 he joined the Pinos 


Altos Co., in 
Chihuahua, Mexico, later working for 
the Avino Mines, Ltd., in Durango, and 
then beginning an unbroken association 
with the Mazapil Copper Co. in Saltillo, 
Coahuila. He retired in 1927, but was 
soon recalled, and made a director of 
the Company the following year. He 
also served as director of four railroads 
in Mexico. For many years Mr. Jeffrey 
served as British Vice-Consul in Saltillo, 
and, in 1914, when the U. S. troops 
entered Vera Cruz, he was in charge of 
the U. S. consulate there. Mr. Jeffrey 
claimed to have installed the first flota- 
tion table in Mexico, and had patents 
on both the Jeffrey automatic feeder and 
the Jeffrey concentrator. 


James MacNaughton 


An Appreciation by C. Harry Benedict 


James MacNaughton, former president 
of the Calumet & Hecla 
Copper Co., died at his home in Calumet 
on May 26. He was eighty-five years old 
and had been seriously ill for some years. 


Consolidated 


Mr. MacNaughton has taken an active 
part in Institute affairs throughout his 
professional career. Elected to member- 
ship in 1890, he of the 
members of the Legion of Honor. From 
1916 to 1918 he served as vice-president 
and in 1935 was the recipient of the Wil- 
liam Lawrence Saunders medal. 

Born March 9, 1864, at Mines, 
Ont., Canada, Mr. MacNaughton was 
brought to the Michigan copper country 


was one oldest 


Bruce 


at the early age of three months. ‘is 
father took employment with the newly 
opened and rapidly developing Calumet 
& Hecla Mining companies, distinct cor- 
porations at that time, constructing mill- 
ing facilities at Lake Linden. Young 
James himself at the age of eleven 
worked as water boy for the same com- 
pany during his vacation, and again five 
years later at the completion of his pri- 
mary education, as a stationary engineer. 

His college career consisted of one 
year residence at Oberlin, followed by an 
engineering course at the University of 
Michigan from which he received the 
degree of B.S. in Civil Engineering with 
the class of 1888. In 1930 he was 
awarded the honorary degree of Doctor 
of Science by the Michigan College of 
Mining & Technology, on whose Board 
of Control he served for many years. But 
most of his education came from detailed 
experience in the field. 

His rise in the mining world was a 
rapid one. After leaving college he re- 
turned first to his beloved Calumet & 
Hecla for a short time as junior engineer 
and in 1889 accepted a corresponding 
position with the Chapin mine at Iron 
Mountain, Mich. Within three years he 
was general manager of the Chapin and 
under his direction it became the largest 
producer of iron ore in the state, and 
equally famous for its efficiency and low 
cost of operation. He remained at the 
Chapin for twelve years. 

At the turn of the century the Calumet & 
Hecla Copper Co. was facing a deepen- 


ing and declining yield ore-body and 
Alexander Agassiz, president of that 


company, was looking about for a new 
manager to take charge. Mr. MacNaugh- 
ton was a natural choice but it was a 
difficult decision for him to make in ac- 
cepting the offer, for the iron ore indus- 
try was then entering a tremendous ex- 
pansion. But Calumet was his home and 
the Calumet & Hecla his first love, and 
so in 1901 he came back as _ superin- 
tendent to the company from which he 
had earned his first dollar as water boy 
twenty-five years previously—truly an 
\merican saga. 

Mr. MacNaughton had full responsi- 
bility for all operations at Calumet, many 
functions before his time having been 
taken care of at Boston. For forty years, 
under successive titles of general mana- 
ger, vice-president and president, he 
guided the destinies of the company 
through an expansion period from the 
operation of a single mine to an inte- 
grated company with mining territory 
extending throughout three counties and 
employing more than 12,500 men. Under 
his leadership and because of the con- 
fidence that other mining and _ financial 
leaders reposed in him, the Calumet & 
Hecla for many years had a standing in 
industry out of proportion to its copper 
production. 

In polities he was a staunch Republi- 
can and as such was a number of times 
delegate to Republican national conven- 
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tions and in 1900 a presidential elector. 
As befalls to all busy men Mr. Mac- 
Naughton devoted much of his time to 
civic and charitable activities in behalf 
of his employees and the community of 
which they and their families were the 
major part. His private beneficences 
were unostentatious, in keeping with his 
character. 

The secret of Mr. MacNaughton’s suc- 
cess as an executive and a leader of men 
lay in an engaging personality, a keen 
sense of humor, an uncanny ability to 
make rapid and correct decisions, and 
above all personal integrity. He had an 
inexhaustible fund of stories, mild for 
the ladies and pungent for the locker 
room. A pert phrase or the very pointed 
moral of a short story was used more 
often than heated argument to settle a 
controversy or gloss over a departmental 
dispute. Whether as considerate su- 
perior, genial host, or entertaining guest, 
his kindly nature will be long remem- 
bered ang cherished by his neighbors 
and friends in the Copper Country, and 
his associates throughout the nation. 


ROBERT HARDY BEDFORD ( Mem- 
ber 1948), died in Los Gatos, Calif., on 
April 26, at the age of 66. Mr. Bedford, 
a consulting engineer, was born in New 
Zealand, and had a degree in general 
science from the University of New Zea- 
land. He also attended the University 
of Missouri, receiving his B.Se. degree 
from there in 1906, and an E.M. five 
years later. After several years in copper 
g in Bisbee and Globe, Ariz., he 
became superintendent of the North Star 


mining 


mines in Grass Valley, Calif., remaining 
there for fifteen years. Mr. Bedford then 
set up a consulting practice, and was a 
consultant on gold mining for the Rus- 
sian government during 1930-32. At the 
time of his death, he was a consultant 
for the Yellow Jacket Mining Co. 


CHARLES A. BRUCE (Member 
1948), a petroleum engineer, died on 
March 11 at Weeks Island, La., of acci- 
dental drowning. He was 28 years old. 
Mr. Bruce entered the Missouri Schoo! 
of Mines and Metallurgy in 1939, but his 
education was interrupted two years 
later, when he went to serve for four 
years in the Navy Air Corps. He took 
his B.S. degree in 1947, and was em- 
ployed, at the time of his death, by the 
Shell Oil Co. 


WILLIAM H. CORBOULD (Member 
1892), a leading figure in Australian 
mining, and a Life Member of the AIME, 
died on March 16, at the age of 82. Mr. 
Corbould, a mining engineer and metal- 
lurgical chemist, was educated at Bal- 
larat College, worked on the Broken Hill 
silver fields in 1885, and later traveled 
through England, Austria, Japan, France, 
Canada, Germany, and China as well as 
the U. S. A., studying mining geological 
formations, and metallurgical works. 

In 1893 he walked from Freenfantle, in 
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Western Australia, to the Coolgardie 
goldfields, a distance of 300 miles. It 
was this sort of determination which 
made him the directing spirit of Mt. Isa 
Mines, Ltd., in its early period. Mr. 
Corbould had the technical knowledge 
plus sufficient imagination to see the 
wealth of Mt. Isa’s ore, and went on to 
implement his realization that only mil- 
lions of dollars could successfully exploit 
the low-grade deposits. The organization 
which he so successfully brought to the 
world’s attention is now worth more than 
$17,000,000, exclusive of the ore bodies, 
the extent of which has not yet been 
delimited. 





William J. Flori 


WILLIAM J. FLORI (Member 1948), 
a junior mining engineer for the Miami 
Copper Co., died on May 7, at the age of 


25. Mr. Flori attended Blackburn Col- 


lege from 1941 to 1943, and in that year 
became an aviation cadet in the U. S. 
Navy Air Corps. He rese to the rank of 
Ensign, was discharged in 1946, and com- 
pleted his professional education at the 
Missouri School of Mines in June of last 
year. It was then that he joined Miami 
Copper. 


R. CLYDE BUTLER (Member 1947), 
vice-president in charge of operations of 
the Empire Steel Co., died on March 28 
at the age of 56. Mr. Butler was a na- 
tive of Ohio, and graduated from Youngs- 
town College in 1916. For four years 
he was a chemist for the Ohio Iron and 
Steel Co., then joined the Sharon Steel 
Corp.. where he served for fourteen 
years as assistant superintendent of blast 
furnaces. In 1936 he joined the Pitts- 
burgh Steel Co. as superintendent of 
blast furnaces, and moved up, within 
ten years, to the position of general 
manager for the firm. He was with the 
Steel Co. of Canada for a time before 
joining Empire Steel. 








Necrology 

Date 

Elected Vame Date of Death 
1920) John R. Comstock July 14, 1949 
1913 Emil Gathmann, Sr. Aug. 23, 1919 
1918 Joseph S. Henry March 26, 1919 
1937 Louis W. Huber Aug. 17, 1949 
1928 William D. Mark June 16, 19149 


JOSEPH P. LABAW (Member 1920), 
consulting mining engineer of Hopewell, 
N. J., died on April 27. He was 69 years 
old. Mr. Labaw received his degree in 
mining engineering from the Michigan 
College of Mines in 1903, and went on 
to work with many mining companies 
in all parts of this nation before he be- 
gan his own consulting practice. His 
consulting work took him through Mex- 
ico, Canada, South America, and Costa 
Rica. His 
condition forced him from more active 
work, was with the U. S. Metals Reserve, 
in the bauxite area of Arkansas, during 


ast position, before a heart 


the recent war. 


JAMES E. LITTLE (Member 1909), 
formerly with the mining department of 
the Bethlehem Steel Co., died on May 24 
after a brief illness. He was a graduate 
of Lehigh University, class of 1894, with 
a degree in mechanical engineering. His 
first eight years were spent with the 
Bethlehem — Iron 
Bethlehem Steel. In 1902 he went with 
the Pennsylvania Steel Co., serving for 


Co.. predecessor of 


ten years as a mechanical engineer with 
subsidiary, the Spanish 
As such, he engi- 


their Cuban 
American Iron Co. 
neered the mine development and _ ship- 
ping facilities at the Mayari iron ore de- 
posits in Felton, Cuba. When the Com- 
pany was acquired by Bethlehem Steel 
in 1916, he moved to Bethlehem, serving 
in the mining department until 1940, and 
in the research department until 1947, at 


which time he retired. 


CARL H. LOUX (Member 1920), 
mining engineer and former superinten- 
dent for the Alan Wood Steel Co., Con- 
shohocken, Pa., died on March 31, at the 
age of 60. Born in Idaho, Mr. Loux had 
studied at the University of California, 
and graduated in 1912 from the Uni- 
versity of Idaho. Mr. Loux’s early years 
were spent at various properties in 
Idaho, Montana, and up in\Canada. At 
one time he had been assistant city 
engineer for the city of Pocatello, Idaho. 
Later he worked as a chemist for Ana- 
conda, as an oil geologist for the North- 
ern Pacific Railroad, and as_ superin- 
tendent for the Warren Foundry and 
Pipe Corp. in Oxford, N. J. He had also 
done special investigation of ore classi- 
Anaconda, and designed a 
new mining method for the Washington 
mine in Oxford, N. J. 


fications at 


LEONARD LYNCH (Member 1947), 
a metallographist with the Wisconsin 
Steel Works of the International Har 
vester Co., died last Oct. 18 at the age 
of 35. Mr. Lynch attended Hibbing and 
Itasca Junior Colleges, and took a bach 
elor of chemistry degree from the Uni- 
versity of Minnesota in 1936. The fol- 
lowing year, he joined the McCormick 
works of International Harvester, and be- 
came control metallurgist and metallo- 
graphist at the steel works in 1941. 
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William Clifton Phalen 
4n Appreciation by Oliver Bowles 


W. C. Phalen, a member of the Insti- 
tute since 1912, passed on at his home in 
Washington, D. C., on May 27, 1949. 
Born at Gloucester, Mass., in 1877, he 
received his B.S. degree in chemistry 
and M. S. in geology at MIT. He later 
was awarded a Ph.D. degree at George 
Washington University. He began his 
scientific career at the National Museum 
in 1902, and joined the staff of the U. S. 
Geological Survey in 1904. He served as 
a mineral technologist for the Bureau of 
Mines from 1916 to 1920. Part of this 
period was devoted to problems of strate- 
gic minerals essential to the conduct of 
the first World War. 

Dr. Phalen’s specialty was saline min- 
erals, and because of his comprehensive 
knowledge of them he left the Bureau of 
Mines to become the salt specialist of the 
Solvay Process Co. at Syracuse, N. Y., 
which he served efficiently until his re- 
tirement in 1946. He was a part-time 
consultant for the Bureau of Mines at the 
time of his death. 

Although quiet and unobtrusive, Dr. 
Phalen possessed a wealth of information 
on salines as well as on geology, mining, 
and chemistry in general. His wide 
knowledge, integrity, and quiet humor, 
attractive personality and loyal friend- 
ship endeared him to all of his associates. 


E. PAUL KEUPER (Student 1948), a 
junior at the University of Cincinnati, 
died last December. Mr. Keuper, who 
was 21, expected to take his B.S. in 
metallurgical engineering in 1950. 


CHARLES MENTZEL (Member 
1909), a consulting mining engineer, 
died in New York City on June 1, at the 
age of sixty-seven. Since his graduation 
in 1907 from the Columbia School of 
Mines, Mr. Mentzel had been with min- 
ing enterprises in Canada, the Western 
United States, Mexico, and Panama. In 
1914, he was a mine examiner for the 
Canadian government, and later, served 
in the same capacity in Mexico. In 1915, 
he opened manganese deposits in Man- 
dinga Bay on the Gulf of San Blas, 
Panama. Mr. Mentzel was generally re- 
garded as an expert on emeralds. 


ARTHUR BERKELEY YATES (Mem- 
ber 1938), former chief geologist of the 
International Nickel Co., died in Mon- 
treal on May 10 at the age of 47. He 
had come to that city from South Africa 
to receive the Barlow Memorial Medal 
of the Canadian Institute of Mining and 
Metallurgy at their recent annual meet- 
Ing. 

Born in Lead, S. Dak., Dr. Yates took 
his B.Se. from the University of Calli- 
fornia in 1922, and the M.Sc. and D.Sc. 
degrees from Harvard nine years later. 
From 1923-28 he was a surveyor, engi- 
neer, and geologist for the Homestake 
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Mining Co. Following two years as a 
research associate at Harvard, Dr. Yates 


joined International Nickel. 





Arthur Berkeley Yates 


He was a member of the CIM, a fellow 
of the Royal Society of Canada, and a 
member of the Society of Economic Geol- 
ogists, and the Geological Society of 
America. 


Harry H. Stout 


An ApprectATION BY DoNALD M. LippELL 

Harry H. Stout died in Plainfield, 
N. J., on April 13, aged 76 years and 
four months, after a long, complicated 
illness, chiefly a severe arthritic condi- 
tion. He was born in Sacaton, Ariz., 
Dec. 8, 1872. In 1878, his parents moved 
to Tidioute, Pa., and he entered the 
United States Military Academy in 189] 
from Pennsylvania, graduating in 1895 
and serving as Lieutenant in the Sixth 
Cavalry in the Spanish-American War. 
He resigned from the Army in 1901, and 
entered the chemical business in Cali- 
fornia, residing in San Francisco and 
Jerkeley and serving as superintendent 
for the Peyton and the General Chemical 
Companies. 

He was an ordnance officer with the 
American Expeditionary Force in France 
in World War I and was commended 
officially by General John J. 
He became chief metallurgist for Phelps 
Dodge in 1921 and retired in 1931. The 
rejuvenation of the Nichols Copper works 


Pershing. 


was one of his achievements. Before his 
retirement, he had lived at Ardsley-on- 
the-Hudson but moved shortly afterward 
to Plainfield. 

He had been a member of the AIME 
for about 32 years. The Secretary re- 
members a session at the Engineers’ Club 
with the late Colonel 
Colonel Stout on the eve of his sailing 
for France in World War I and Colonel 
Stout’s writing down an equation: the 
value of an_ engineer professional 
knowledge X _ honesty* guts’ x loy- 
alty*. 

He had these qualities without the 
necessity of any exponents. 


Barbour and 


HUBERT MERRYWEATHER (Mem- 
ber 1916), retired Bethlehem Steel Co. 
executive, died of a heart attack on June 
7. at the age of 67. When he retired in 
19417, Mr. Merryweather was general 
manager of ore properties for the Com- 
pany, having been with Bethlehem Steel 
for 36 years. After graduating from 
MIT in 1904, he spent six years in min- 
ing activities in the West and at various 
sites in Mexico. Then he took over as 
mine superintendent for Bethlehem’s 
Juragua Iron Mines Co., in Cuba. After 
three years he was sent to Chile, to be- 
come vice-president and general manager 
for the Tofo iron mines there. Later, he 
returned to Cuba as vice-president and 
veneral manager of the Bethlehem-Cuba 
Mines Co., remaining there until 1928, 
when he was recalled to Bethlehem. He 
was made general manager of ore proper: 
ties in 1939. 


RUSSELL E. REILLY (Member 
1945), manager of the Wyodak Coal and 
Mfg. Co., Gillette, Wyo., is dead. Mr. 
Reilly had been with the Company since 
1941, and prior to that had spent twelve 
years in various positions with the Home- 
stake Mining Co., ending there as head 
of the water and property department. 
4 graduate of South Dakota’s State 
Normal School, Mr. Reilly spent his first 
fifteen years with Homestake, and, from 
1923 to 1929 was in charge of Cerro de 
Pasco’s engineering office in Peru. 


CHARD O. SANFORD (Member 
1917), consulting mining engineer of 
Washington, D. C., died on Jan. 31 at 
the age of 66. In addition to his con- 
sulting practice, Mr. Sanford had been 
a mining engineer with the Bureau of 
Mines, the RFC, and the Premium Price 
Plan for metals from 1942 to 1947. Born 
in Iowa in 1884, Mr. Sanford attended 
the Universities of Washington, Cali- 
fornia, and Arizona, beginning his career 
as an assayer with the Skidoo Mines 
Co. in Inyo, Calif. In 1914 he was super- 
intendent of the Antequera Tin Mine 
in Pazna, Bolivia, and, fourteen years 
later, held the same position with the 
Tom Reed mine in Oatman, Ariz. Dur- 
ing World War I Mr. Sanford was a First 
Lieutenant with the Corps of Engineers. 
In 1938 he was Secretary of the Los 
Angeles Section, AIME. 


GEORGE L. SMITH (Member 1945) 
is dead. Mr. Smith had spent his whole 
professional career with the Rochester 
and Pittsburg Coal Co., Indiana, Pa. He 
joined the company as a laborer a year 
after graduation from the Clarkson Col- 
lege of Technology in 1917, and through 
the years rose to the position of operat- 
ing vice-president, which job he held at 
the time of his death. 


PHILIP S. SMITH (Member 1918), 
leading government geologist, and a pro- 
lific writer in his field, died on May 10 
at the age of 71. Mr. Smith had retired 
in 1946, but had since then been actively 
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engaged in private exploration work, 
chiefly in Alaska. He had three degrees, 
A.B., A.M., and Ph.D., from Harvard 
University. After receiving his A.B. in 
1899, he the U. S. Geological 
Survey as a geologic aid. Two 
was an instructor in geology 


joined 
years 
later he 
and mining at Harvard, this association 
lasting for four years. Returning to the 
USGS, he began work on Alaskan ex- 
plorations, and by 1925 he was named 
chief Alaskan geologist, continuing as 
such until his retirement three years ago. 
During that time he made numerous 
special investigations in the areal, physi- 
ographic, and economic geology of Alaska. 
One of the results of his work was the 
total of over 100 reports, published by 
the USGS, and in technical journals and 
publications of scientific societies. 

Mr. Smith was a member of 
seventeen professional organizations, in- 
cluding the Washington Academy of 
Sciences, the Society of Economic Geolo- 


over 





Proposed for 





ALABAMA 


Sheffield—TIEMANN, THEODORE 
DONALD. (M). Research engineer, 
Reynolds Metals Co. 

University BATOR, GEORGE 
THOMAS. (C/S—J-M). Associate 
professor of mining, University of 
Alabama. 


ARIZONA 

Ajo—RUSK, ALBERT T. (C/S 
J-M). Mining engineer, New Cor- 
nelia branch, Phelps Dodge Corp. 


Globe—-MESSER, BEN GRANT. 
(C/S—J-M). Chief mine engineer, 


Miami Copper Co. 

Inspiration—HAMBURGER, RICH- 
ARD. (C/S—J-M). Junior engineer, 
Inspiration Consolidated Copper Co. 


CALIFORNIA 


Arcadia—MAYHEW, ELDON JAY. 
(C/S—J-M). Operations manager, 
Building Products Div., Great Lakes 
Carbon Co. 
Bakersfield—-_DORWART, GEORGE 
MARTIN. (C/S—J-M). Production 
foreman, Union Oil Co. of California. 
Betteravia—GALLOWAY, TOR- 
RENCE DELOSS. (C/S—J-M). Re- 
search engineer, Union Sugar Co. 
Darwin—-TOGNONI, HALE, CHRIS- 
TOPHER. (C/S—S-J). Stope geolo- 
gist and sampler, Anaconda Copper 
Mining Co. 

Long Beach--ENSLEY, CHARLES 
EARL. (C/S J-M). Development en- 
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American Geophysical Union. 
American Polar Society. 


gists, the 
and the 


WALTER STALDER (Member 1915), 
consulting petroleum geologist in San 
Francisco, died on May 27 at the age of 
67. Mr. Stalder, who had been in con- 
sulting work since 1915, held B.S. and 
M.S. degrees from the University of 
California, the latter having been granted 
in 1907. Before entering private practice 
he had been in charge of property evalu- 
ation for the Union Oil Co. of California, 
and worked with M. L. Requa; the San 
Francisco Exploration Co.; and the 
Nevada Petroleum Co. Early in his career 
he developed the Decrease Curve method 
of estimating oil reserves, and later, in 
1933, brought in the Sutter Buttes gas 
field in California. Mr. Stalder was the 
author of numerous articles on California 
oil geology which appeared in California 
professional magazines, 


state bulletins, 


and newspapers. 
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gineer, Southern Division, Ricnfield 
Oil Corp.; STONE, REID TOLAN 
(C/S—S-J). Assistant field engineer, 
Axelson Manufacturing Co.; THOR- 
LEY, THOMAS J. (C/S—J-M). Sen- 
ior harbor engineer, Port of Long 
Beach, Calif. 


Los Angeles—-BUTLER, WALLACE 


PIERCE. (C/S—J-M). President, 
Butler Ore Co.; MEYER, GENE. 
(C/S—J-M). Mill superintendent, 


Cie. Aramayo de Mines en Bolivie. 


Oakland—-OAKESHOTT, GORDON 
BLAISDELL. (M). Associate geol- 


ogist, California Division of Mines. 
Palo Alto—HURST, GEORGE PAT- 
ERSON. (AM). Sales’ engineer, 
Bethlehem Steel Co., San Francisco 
Yard. 


Riverside—-MILLS, EUGENE AR- 
THUR. (C/S—J-M). Mining engi- 


neer in charge, Oliver Iron Mining 
Co. of Venezuela. 
Sacramento—-CRAIG, ROBERT 
HITCHCOCK. (C/S—J-M). Civil 
engineer, Corps of Engineers. 

San Francisco—PRIMM, HERBERT 
ENGLAND. (M) .Sales representa- 
tive, Harbison-Walker Refractories 
Co.; RAWLINGS, STUART LA- 
MAR, JR. (M). Vice-president and 
director, Standard Cyaniding Co. 
Director, San Luis Mining Co. 

San Mateo—COULTER, RONALD 
SCOTT. (M). Combustion engineer 
Pacific Coast operations, Bethlehem 
Pacific Coast Steel Corp. 


Seal Beach—-WALKER, ROBERT 
CARLTON. (C/S—S-J). Junior en- 
gineer, General Petroleum Co. 
Whittier ARTHUR, MILAN G. 
(C/S—J-M). Division production en- 
gineer, Union Oil Company of Cali- 
fornia. 


COLORADO 

Denver NORMAN, TELFER E. 
(C/S—J-M). Metallurgical engineer, 
Climax Molybdenum Co.; RIDDLE, 
JOHN ALDEN. (C/S—S-J). Engi- 
neer trainee, Oliver Iron Mining Co.; 
WILSON, MALCOLM E. (C/S 
J-M). Assistant to manager, wire 
products sales, Colorado Fuel & Iron 
Corp. 

Gilman SKINNER, JOHN PER- 
KINS. (C/S—J-M). Assistant mine 
foreman, New Jersey Zinc Co. 


Golden—CARPENTER, ROBERT H. 
(C/S—J-M). Assistant professor, 


Colorado School of Mines; consult- 
ant, New York & Honduras Rosario 


Mining Co.; ROBERTS, FRANK 
CULMER. (C/S—J-M). Design en- 


gineer in charge of Golden office, 
Climax Molybdenum Co. 

Grand Junction—HALL, ROBERT 
B. (C/S—J-M). Geologist, Mineral 
deposits branch, U. S. Geological 
Survey. 

Leadville—-GUNELSON, ADOLPH 
GERHARD. (R, C/S—J-M). Chief 
mine engineer, Resurrection Mining 
Co. 

Ouray—-UNGER, RICHARD WIL- 
SON. (C/S—J-M). Mill superinten- 


dent, Idarado Mining Co. 
Rifle—WRIGHT, FREDERICK 
DUNSTAN. (C/S—J-M). Unit chief 
of mining investigations unit, U. S. 
Bureau of Mines. 


CONNECTICUT 

New Haven—-KOLB, THOMAS 
THORNTON. (C/S—J-M). General 
superintendent, A. N. Farnham, Inc. 


DISTRICT OF COLUMBIA 
Washington—-FICK, NATHANIEL 
CROW. (C/S—J-M). Maetallurgist 
and deputy executive director of 
Committee on Basic Physical Sci- 
ences, Dept. of National Defense. 


IDAHO 

Burke—-FOLWELL, WILLIAM 
THOMAS. (C/S—J-M). Mining en- 
gineer, Hecla Mining Co. 
Patterson—-MECIA, JOSEPH AN- 
THONY. (C/S—J-M). Manager, Ima 
Mine, Bradley Mining Co. 


ILLINOIS 
Chicago—MANNAS, WILLIAM JO- 
SEPH. (C/S—S-J). Petroleum en- 


gineer, The Pure Oil Co.; NICKEL, 
MELVIN E. (C/S—J-M). Assistant 
superintendent, open hearths, Wis- 


consin Steel Works, International 
Harvester Co.; WOODS, HENRY 
COCHRANE. (M). Chairman of 
board and vice-president, Sahara 
Coal Co. 

Peoria ALBERS, FRANCIS CLIN- 
TON. (C/S—J-M). Staff metallur- 


gist, Caterpillar Tractor Co.; BESS- 
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LER, DELMAR RUSSELL. (M). 
Operating metallurgist, Keystone 
Steel & Wire Co.; REYER, ED- 


WARD HARRY. (M). Open hearth 
superintendent, Keystone Steel & 
Wire Co. 


INDIANA 

East Chicago — DOAN, DONALD 
JAY. (C/S—J-M). Research metal- 
lurgist, Eagle-Picher Co.; RASSEN- 
FOSS, JOHN ALBERT. (C/S 
J-M). Research metallurgist, Amer- 
ican Steel Foundries. 

West Lafayette —TAYLOR, WIL- 
LIAM EDWIN. (C/S—S-J). Re- 
search fellow, Purdue University. 


KANSAS 


Hugoton—FLOOD, WILLIAM HEN- 


RY, JR. (C/S—J-M). Field super- 
intendent, Republic Natural Gas Co. 
KENTUCKY 
Wheelwright —BANKS, RALPH. 
(C/S—S-J). Safety inspector, In- 
land Steel Co. 
LOUISIANA 
New Orleans—-SIMMONS, FRED E., 


JR. (C/S—J-M). Petroleum engi- 
neer, Louisiana Land & Exploration 
Co. 


MASSACHUSETTS 

Cambridge GRANT, NICHOLAS 
JOHN. (C/S—J-M). Associate pro- 
fessor of metallurgy, Massachusetts 
Institute of Technology. 
Southbridge—-STREETER, THOM- 
AS WINTHROP, JR. (C/S—S-J). 
Management trainee, American Op- 
tical Co. 


MICHIGAN 


Detroit—SPENCER, ANDREW R. 
(C/S—S-J). Sales engineer, Steel 
Sales Corp. 
East Lansing —McGRADY, DEN- 
TON DELBERT. (C/S—J-M). As- 
sistant professor of metallurgical 
engineering, Michigan State College. 
Houghton WALLACE, ROBERT 
RUNDLE. (C/S—S-AM). Junior 
mining engineer, Oliver Iron Mining 
Co. 

Midland SAUNDERS, WILLIAM 
PUTNAM. (J). Research and devel- 
opment engineer, Dow Chemical Co. 


MINNESOTA 


Duluth—THORPE, DEAN FRANK- 
LIN. (C/S—S-J). Assistant concen- 
tration engineer, Oliver Iron Mining 
Co. 

Hibbing—-HARRISON, HUGH 
HOWARD. (C/S—S-J). General 
manager, Pacific Isle Mining Co. 
Nashwauk—LIESKE, EARL FRED- 
ERICK. (J). Mill draftsman, Design 
Dept., Cleveland-Cliffs Iron Co. 


MONTANA 
Butte—- JUDD, KENNETH MOR- 


TON. (C/S—S-J). 

Libby —GALE, GEORGE DOUG- 
LAS.(C/S—J-M). Mineral dressing 
engineer, Zonolite Co. 
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MISSISSIPPI 

Laurel — LUBY, MICHAEL AN- 
DREW. (J). Engineer trainee, Gulf 
Refining Co. 


MISSOURI 
Rolla—KENWORTHY, HEINE. 
(C/S—J-M). Metallurgist, U. S. 


Bureau of Mines. 

St. Louis—BRUNE, ARTHUR WIL- 
LIAM. (C/S—J-M). Instructor in 
civil engineering, Washington Univ. ; 
SPHAR, CURTIS WILLIAM. (C/S 


S-J). Mineral Technologist, Mis- 
souri Pacific Lines. 
NEW JERSEY 
Mahwah—FLINN, RICHARD AL- 


OYSIUS. (C/S—J-M). Section head, 
American Brake Shoe Co. 
Maplewood — NEFF, CHARLES 
HAROLD. (M). Geologist, Gulf Oil 
Co. 

Metuchen—QUADT, RAYMOND A. 
(C/S—J-M). Director of aluminum 
developments, American Smelting & 
Refining Co. 
Morristown - 


GETZ, ALBERT J. 


(C/S—J-M). Plant engineer, Rich- 
ard Ore Co. 
Summit — WILLIAMS, RAYMOND 


T. (M). Design engineer, Anaconda 


Copper Mining Co. 


NEW MEXICO 
Carlsbad—GORDON, JOHN DAV- 
IDSON, JR. (C/S—J-AM). Effici- 
ency engineer, International Min- 
erals & Chemical Corp. 

Hanover — BLAKEMORE, PAGE 
BLANTON. (M). Mine superinten- 
dent, Peru Mining Co.; GALASSINI, 
MARIO. (M). Mine foreman, Peru 
Mining Co.; JEROME, STANLEY 
EVERETT. (R, C/S—J-M). Assist- 
ant to general superintendent, The 
New Jersey Zinc Exploration Co., 


S. W. Dept. 
Silver City—-VEEDER ARTHUR 
KIMBALL. (C/S—J-M). Manager 


and chemist, New Mexico Minerals 
Laboratory. 


NEW YORK 

Brooklyn—HILL, KENNETH 
EVAN. (C/S—J-M). Petroleum en- 
gineer, Chase National Bank. 

De Grasse—WINSLOW, KENELM 
CRAWFORD. (C/S—S-J). Engineer, 
Hanna Coal & Ore Corp. 

New York—FRANK, THOMAS W. 
(C/S—J-M). Consultant, Kenmore 
Metals Corp.; FRITZ, GLENN H. 
(C/S—J-M). Representative, export 
division, Joy Manufacturing Co.; 
HARMON, ROBERT B. (C/S—S-J). 
Partner, Harmon Lichtenstein & Co. 
(representative of Societe de la 
Vielle Montagne.); WRIGHT, MY- 
RON ARNOLD. (C/S—J-M). Exec- 


utive assistant, Standard Oil Co. 
(3%... JZ}. 
Scarsdale —READ, THOMAS AL- 


BERT. (C/S—J-M). Associate pro- 
fessor of metallurgy, Columbia Univ. 
Syracusee—HODAPP, WALTER 
LEONARD. (C/S—J-AM). Metal- 
lurgist, Crucible Steel Co. of Amer- 
ica. 


OHIO 

Cleveland FROST, BENJAMIN 
BURT. (C/S—J-M). Sales engineer, 
Arthur G. McKee & Co. 
Elyria—GOUDVIS, THEODORE L. 
(C/S—J-M). President, Concrete 
Masonry Corp. 

Warren—TOTTEN, PAUL RICH- 
ARD. (C/S—S-AM). Plant metal- 
lurgist, Thomas Steel Co. 


OKLAHOMA 


Duncan—KILGORE, JAMES GRO- 
VER. (M). Sales manager, Hallibur- 
ton Oil Well Cementing Co. 
Tulsa HEMPHILL, JOHN WIL- 
BORN. (M). District engineer, Sin- 
clair Oil & Gas Co.; INGRAM, 
CHARLES CLARK. (C/S—J-M). 
Engineer, Oklahoma Natural Gas 
Co.; KRIEGEL, MONROE W. (C/S 
J-M). Research group leader, The 


Carter Oil Co.; SINSHEIMER, 
WARREN A., JR. (C/S—S-J). 
Petroleum engineer, Raymond F. 
Kravis. 

OREGON 

Coos Bay—_SAMUELSON, RODNEY 
LEE. (C/S—S-J). Assistant to gen- 
eral superintendent, head drafts- 


man, Coast Pacific Lumber Co. 


PENNSYLVANIA 

Aliquippa —-EDWARDS, ROBERT 
EUGENE. (M). Assistant to open 
hearth and Bessemer superinten- 
dent, Jones & Laughlin Steel Corp. 
Bethlehem—MANCKE, EDGAR B. 
(C/S—J-M). Engineer, Research 
Dept., Bethlehem Steel Co. 
Bradford—-VAUGHN, JOSEPH 
CHARLES. (C/S—S-J). Petroleum 
production engineer, Quaker State 
Oil Refining Corp. 
Indiana—GRAFF, PAUL WILBUR. 
(C/S—-S-M). President, Westmore- 
land Mining Co. 

Lansford —-GILBERT, JOSEPH C. 
(R, C/S—-AM-M). Engineer -in- 
charge, Hazleton Field Station, U. S. 
Bureau of Mines. 

Lebanon —- HORST, RUSSEL JO- 
SEPH. (J). Metallurgist, Bethlehem 
Steel Co. 
Narberth 
GLEASON. 
Vaughan Co. 

New Kensington — FITZGERALD, 
ROBERT DALE. (C/S—S-J). As- 
sistant metallographer, Aluminum 
Company of America. 

Philadelphia DALLAS, GEORGE 
MIFFLIN. (AM). Vice-President, 
Reading Briquet Co., American Bri- 
quet Co. & Ecco Manufacturing Co. 
Pittsburgh—SPARR, WILLIAM 
HENRY. (C/S—J-M). Metallurgist, 
The International Nickel Co., Inc. 


- VAUGHAN, WARNER 
(M). Partner, Warner 


Pottsville JONES, JOHN ED- 
WARD. (J). Colliery engineer, Otto 
Colliery Co. 

Scranton DONNE, JOHN JEN- 


KIN. (M). Division mining engineer, 
Glen Alden Coal Co. 


SOUTH DAKOTA 
Lead—-HOFFMAN, FRANCIS 
GERALD. (C/S—S-M). Mine sur- 
veyor, Homestake Mining Co. 
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TEXAS 


Abilene —-BRANTLY, MIMS Mc- 
GEHEE. (J). Drilling engineer, 
Drilling & Exploration Co., Inc.; 
BRYSON, FRED EMERSON. 
(C/S—S-J). West Texas, New Mex- 
ico & Colorado district engineering 
manager, insurance co. inspector, 
Houston Fire & Casualty Insurance 
Co. & Companion Cos.; WILSON, 
HERBERT CLAY (C/S—J-M). 
Production superintendent, Geo- 
chemical Surveys. 
Beaumont —- MONTAGUE, KEN- 
NETH ELWIN. (C/S—J-M). Reser- 
voir engineer, Sun Oil Co.; TUCKER, 
CHARLES WILLIAM. (R, C/S 
S-J). Junior petroleum engineer, 
Stanolind Oil & Gas Co. 
Corpus Christi—GIBSON, ROBERT 
L. (M). Division reservoir engineer, 
Shell Oil Co., Inc.; PIERCE, HAR- 
OLD FREDERICK. (R, C/S—S-M). 
Exploitation engineer, Corpus Christi 
Division, Shell Oil Co., Inc.; RY- 
LANDS, ALBERT THOMAS. (C/S 
J-M). Division production mana- 
ger, Shell Oil Co., Inc.; WATKINS, 
OWEN MILTON, JR. (C/S—J-M). 
Production engineer, Pan American 
Production Co. 
Fairbanks SINEX, BRADFORD 
JAY. (C/S—J-M). District engineer, 
Amerada Petroleum Corp. 
Falfurrias—CABINISS, BERT 
ADRON. (M). District manager. 
Sperry-Sun Well Surveying Co. 
Fort Worth — DAGGETT, WILLIS 
KENNETH. (M). Sales manager, 
Welex Jet Services, Inc. 
Houston GLANVILLE, JAMES 
WILLIAM. (C/S-—S-J). Research 
engineer, Humble Oil & Refining 
Co.; HOWARD, LEWIS BENTON. 
(C/S—J-M). Petroleum engineer, 
American Republics Corp; NEW- 
SONIE, JOEL ARTHUR, JR. (C/S 
J-M). Vice-President, Parks En- 
gineering Co.; WEATHERLY, JUS- 
TIN EUGENE, JR. (C/S—S-J). 
Petroleum engineer trainee, Gulf 
Oil Corp.; WINSAUER, WELDON 
OTTO. (J). Assistant research engi- 
neer, Production Research Dept., 
Humble Oil & Refining Co. 
Kilgore—-ECKART, ROBERT RON- 
DO, JR. (C/S—J-M). Division pro- 
duction geologist, Shell Oil Co., 
Inc. 
Midland—-BONNELL, ROBERT AL- 
FRED, JR. (M). Engineer, Sinclair 
Oil & Gas Co.; FITTING, ROBERT 
DANCY. (C/S—J-M). Member of 
firm, Fitting, Fitting & Jones.; 
RANDERSON, LUTHER WINN. 
(C/S—J-M). Petroleum engineer, 
Magnolia Petroleum Co.; SIMPSON, 
JULIAN MOORE. (J) Junior engi- 
neer, Sinclair Oil & Gas Co. 
San Antonio PARKS, ROBERT 
HALL. (C/S-—-S-J). Petroleum en- 
gineer, Sunray Oil Corp.; RENFRO, 
HEATH. (R, C/S—S-M). Production 
Supt., Ralph E. Fair, Inc.; TOWER, 
JOHN RUSSELL. (AM). Petroleum 
engineer, Seeligson Engineering 
Committee. 
Texas City—-REIKIE, MATTHEW 
KER THOMSON. (M). Superinten- 
dent of research, Tin Processing 
Corp. 
Wichita Falls—-GOULDY", RO- 
LAND. (C/S—J-M). Petroleum en- 
gineer, Bridwell Oil Co. 
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UTAH 

Eureka — FITCH, CECIL ALOYS- 
IUS, JR. (C/S—J-M). Assistant 
general manager, Chief Consolidated 
Mining Co. 

Midvale—-TONNESEN, ROBERT 
SVANE. (C/S—S-J). Mucker, U. S. 
Smelting & Refining Co. 
WASHINGTON 
Olympia—RECTOR, MICHAEL 
ROBERT. (C/S—S-J). Field geolo- 
gist, Union Oil Co. of California. 
Spokane—KAISER, EDWARD 
PECK. (C/S—J-M). Regional geol- 
ogist, New Jersey Zinc Co. 

WEST VIRGINIA 
Holden—NORTHCOTT, ELLIOTT, 
II. (J). Preparation engineer, Island 
Creek Coal Co. 

Huntington RUDNICKI, JOHN 
WALTER FRANCIS. (C/S—S-J). 
Field engineer, The C. & O. Railway 
Co. 


WISCONSIN 
Cudahy — AGUIRRE, LUIS’ EN- 


RIQUE. (M). Erection engineer, 
Allis-Chalmers Mfg. Co. 


WYOMING 


Laramie—FEARN, LYMAN. (M). 
State inspector of mines, State of 
Wyoming. 

Rock Springs—-FISHER, SYLVES- 
TER JAMES. (C/S—S-J). Petro- 
leum engineer, Mountain Fuel Sup- 
ply Co. 

ALBERTA 

Calgary—-KELLER, ALFRED 
EMIL. (C/S—J-M). Assistant to 
manager, Texaco Exploration Co. 


BRITISH COLUMBIA 

Britannia Beach CHLUMECKY, 
NICHOLAS. (AM). Miner, Brittan- 
nia Mining & Smelting Co., Ltd.; 
McKICHAN, JOHN DOUGLAS 
(C/S—J-M). Ventilation engineer, 
Britannia Mining & Smelting Co., 
Ltd.; ROPER, EDWARD CECIL. 
(C/S—J-M). Manager, Britannia 
Mining & Smelting Co., Ltd. 
ONTARIO 

Black Donald Mines EDWARD, 
BRUCE GARFIELD. (C/S—J-M). 
Manager, Black Donald Graphite 
Division, Frobisher, Ltd. 
Ottawa—-HAYSLIP, GORDON OS- 
CAR. (C/S—J-M). Mineral dressing 
engineer, Bureau of Mines. 


DURANGO 


Tayoltita—WOODS, ROBERT 
GRAYSON. (C/S—J-M). Mill super- 
intendent, San Luis Mining Co. 


GUERRERO 

Mexcala—SMITH, WALTER AL- 
TON. (M). Mine superintendent, Cia. 
Minera del Mexcala. 

HIDALGO 


Taxco — COOPER, JAMES REN- 
RICK. (C/S—J-M). Metallurgist, 
American Smelting & Refining Co. 


SONORA 


Cananea—-VELASCO, J. RUBEN. 
(C/S—J-M). Field geologist, Ana- 
conda Copper Mining Co. 





BOLIVIA 

Oruro—ALBERTSON, FLOYD ELI. 
(C/S—J-M). Mill superintendent, 
Cia. de Mines de Colquiri. 


BRAZIL 

Rio de Janeiro—DEARAUJO, OL- 

VEIRA, GABRIEL MAURO. (C/S 
J-M). Mining engineer, Dept. Na- 

cional de Producao Mineral. 


COLOMBIA 

Bogota—-COSTER, WILLEM ARN- 
OLD. (C/S—J-M). Consulting engi- 
neer, self. HESS, LORAIN. EM- 
METT. (C/S—J-M). Chief petro- 
leum engineer, Socony-Vacuum Oil 
Company of Colombia. 


ECUADOR 

Guayaquil WILLIAMS, CLAR- 
ENCE THOMAS. (C/S—J-M). En- 
gineer-foreman in charge of Mines 
Nuevas operation, Calera Explora- 
tion Co. 


PERU 

La Oroya—L ACY, WILLARD 
CARLETON. (C/S—J-M). Petrolo- 
gist, Cerro de Pasco Copper Corp. 


VENEZUELA 

Cumarebo BOSSERT, WARREN 
HARRIS. (J). Petroleum engineer, 
Creole Petroleum Corp. 


ENGLAND 

Yorkshire FRANCIS, SYDNEY 
(M). Chief metallurgist and manag- 
ing director, Brontalloy, Ltd. 


GERMANY 

Stuttgart SCHRAMM, JACOB. 
(M). Chief metallurgist, Metall-Guss 
and Presswerk Heinrich Diehl. Vide; 
Univ. Teacher, Technische Hoch- 
schule. 


LUXEMBURG 
Luxemburg—SCHMIT, RENE. 
(M). Superintendent, Aciéries Réu- 
nies de Burbach-Eich-Dudelange. 


SYRIA 
Aleppo—TCHALABI, MOHAMMED 
TAHER. (J). 


INDIA 

Bokaro—SHOME, MAKHAN LALL. 
(M). Superintendent of Collieries, 
Government of India. 


PHILIPPINE ISLANDS 


Manila THORMEYER, WAL- 
TER RICHARD. (C/S—J-M). 
Sales engineer, mining dept., Earn- 
shaws Docks & Honolulu Iron 
Works, Manila. 


STUDENT ASSOCIATES 


Elected August 17, 1949 


Thomas B. Budinger....Penn State 
Noel F. Herbst..... Melbourne Univ 
Raghunath C. Deshpande...... RPI 
James R. Easterday...Wayne Univ. 
Bernhardt H. Petersen 

Pre rer er Mich.Min. & Tech. 
Earl G. Thurman....... Univ. Okla. 
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Drop Everything. .! 


in the laboratory 





Meet: Two thousand engineers 


Learn: Latest operating techniques 
at important technical sessions 


Bring: Your experience and "know-how" 





Enjoy: Field trips, banquets, social events »— a 
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Field Trips 


LL day Thursday, September 

29 will be devoted to field 
trips, and Members attending the 
Mid-Year Meeting can take their 
choice from among the six outlined 
here. 
1. Battelle Memorial Institute and 
Ohio State University. Battelle 
is the largest independent indus- 
trial research foundation in the 
nation, with an international repu- 
tation for research in metallurgy, 





Flotation Research at Battelle. 


fuels, ceramics, corrosion technol- 
ogy and graphic arts. It has gained 
distinction in fields ranging from 
industrial physics to engineering 
economics. At Ohio State, visitors 
will see a special exhibit by the 
State’s Archaeological and His- 
torical Society, a demonstration of 
the fire wall tests now being con- 
ducted, and the new cyclotron. 

2. Hanna Coal Co., Cadiz, Ohio. 
Coal men and open-pit operators 
will enjoy this trip through the 
Company’s underground coal mine, 
as well as the completely modern- 
ized coal laundry and coal cleaning 
plant, where it is now possible to 
dry coal to within 2 percent of the 
surface moisture. But the day’s 
feature will be the operation of the 
world’s largest open pit mining 
shovel, the giant which scoops up 
49 cubic yards at one time. 

3. Jeffrey Manufacturing Co. and 
Battelle Memorial Institute. The 
big 50-acre Jeffrey plant where em- 
phasis is placed on the mechanized 
aspects of drilling, cutting, load- 
ing, conveying, transporting, 
screening, beneficiation, sizing and 
ventilation will provide the first 
half of the trip. Visitors will see 
mining material handling and proc- 
essing from raw product to finished 
mining machine. At Battelle, the 
accent will be on the research be- 
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ing carried out by the Bituminous 
Coal Research Association there. 

4. Lustron Corp. and Owens-Corn- 
ing Fiberglas Co. Members who 
are bothered by the housing short- 
age will enjoy the Lustron plant, 
where 100 steel and enamel dwell- 
ings are mass-produced each day. 
At the Owens-Corning plant in 
Newark, Ohio, white fleecy blankets 
of Fiberglas move along on con- 
veyor belts to their ultimate 
destination as thermal insulation 
materials in domestic appliances, 
industrial equipment, and all types 
of transportation equipment. 

5. Pure Oil Refinery and Perman- 
ente Metals Corp. This is designed 
to satisfy both metallurgists and 
Petroleum Branch Members. Many 
unusual operations will be avail- 
able for inspection at the Pure Oil 
refinery, and the Permanente tour 
will embrace the Company’s opera- 
tions in working high purity alumi- 
num pig into transmission cable 
wires. Four dollars for this trip. 

6. Turnstead Division, General 
Motors Corp.. and National Elec- 
tric Coil Co. Plant hardware is 
produced at the Turnstead Plant 
for all General Motors automo- 
biles, and visitors will view metal 
forming, plating, and stamping 
operations. National Electric Coil 
manufactures electrical coils to be 
used in rewinding rotating electri- 
cal apparatus. 


The Ladies 


Mrs. AIME can relax at the Mid- 
Year Meeting, and enjoy a round 
of informal fun. There'll be no 
long-dress affairs emphasizing for- 
mality, including the Mid-Year 
Banquet at the Neil House. 





The Proceedings will start with the 
registration on Monday morning, 
Sept. 26, and then, at noon, the All- 
Institute luncheon will begin. That 
afternoon, the ladies will go on a 
sightseeing tour of Columbus, 
through the Governor’s mansion, 
Battelle Memorial Institute, Capi- 
tal University, Ohio State Univer- 
sity, and yes, even the Ohio Peni- 
tentiary. 

Another inspection trip is sche- 
duled for Tuesday morning, fol- 
lowed by luncheon and then all 
afternoon to get ready for the 
cocktail party and AIME Mid-Year 
Banquet later that evening. Wed- 
nesday will feature luncheon and 
a fashion show. 





Wrapping underground pipe with Fiberglas. 
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Registration will begin Sunday, 
Sept. 25, at the Neil House, and 
continue through Monday morning. 
Members, $3, non-members, $5. 
Members and non-members will be 
distinguished from one another by 
different colored registration 
badges. This will give members an 
opportunity to extend courtesies to 
non-members. 

Social events: Banquets — AIME 
Mid-Year Banquet, Wednesday 
evening. Preceded by a cocktail 
party. Tickets, $6.50. Annual 
Banquet, Southern Ohio Section, 
National Open Hearth Committee, 
AIME, on Friday evening. Tickets, 
$6. Others — Dinner-in-the-Sky, 
Wednesday evening. Scotch Break- 
fast, Minerals Beneficiation Divi- 








Mining Geology 
Tuesday Afternoon 


Technical Session. 

Underwater Seismic Investigations 
for Civil Engineering Studies. By 
Robert E. Barnett, Geologist, 
Corps of Engineers, Ohio River 
Division Laboratories. 

Trace-element Studies, Santa Rita, 
New Mexico. By Paul F. Kerr, 
Prof., Mineralogy, Columbia Uni- 
versity, and Donald L. Graf, Illi- 
nois Geological Survey. 

Tin Deposit of Monserrat, Bolivia. 
By Russell Gibson, Assoc. Prof., 
Geol., Harvard Univ., and F. 8. 
Turneaure, Assoc. Prof., Geol., 
Univ. Michigan. 


Minerals Beneficiation 
Division 
Sunday Afternoon 


Informal business session. §. J. 
Swainson, presiding. 


Monday Afternoon 


Technical Session, E. H. Rose and 
Harlowe Hardinge, Chairmen. 
Junior Ball Room, Neil House. 


Unit Process of Crushing 
and Grinding 


Effects of Rod Mill Feed Size Re- 
duction. By John J. Strohl, Mill 
Supt., and Harry J. Schwellen- 
bach, Mill Operator, National 
Lead Co. 

Use of Spiral Classifiers as Ball 
Mill Feeders. By T. C. King, 
Eagle Picher Co. 

Relative Wear Rates of Various 
Diameter Grinding Balls. By 
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sion, Tuesday morning. 
Luncheons: Monday, A\ll-Institute 
Luncheon. $3.50. Tuesday, AIME 
Board of Directors; Extractive 
Metallurgy Division, ($3.50); Ex- 
ecutive Committee, Coal Division 
($3.50). Wednesday, Minerals 
Beneficiation Division ($3.50); 
Coal Division ($3.50); and Indus- 
trial Minerals Division ($3.50). 
Meetings: Missouri School of Mines 
Alumni will hold a party on Mon- 
day evening, Sept. 26. The Petro- 
leum Branch will meet on Monday, 
Tuesday and Wednesday. See the 
Journal of Petroleum Technology 
for details. The Mineral Industry 
Education Division will meet on 
Sunday afternoon at the Neil 
House. 


Technical Sessions 


D. E. Norquist, Sheffield Steel 
Co. 

Grinding Progress at Tennessee 
Copper. By J. F. Myers, Mill 
Supt., and F. M. Lewis, Asst. 
Mill Supt., Tennessee Copper and 
Chemical Co., Copperhill, Tenn. 


Tuesday Morning 

Scotch breakfast. 

Technical Session, E. H. Crabtree, 
Jr., Chairman. Junior Ball Room, 
Neil House. 

Unit Process of Concentration 

The Flotation of Copper-zinc Sul- 
phide Minerals of the Prince Leo- 
pold Mine. By Charles Piedboeuf. 

Flotation of Chalcocite. By S. B. 
Tuwiner and S. Korman, Dept. 
of Devel. and Research, Phelps 
Dodge Corp., Laurel Hill, N. Y. 

The Frothability of Pine Oils. By 
S. C. Sun, Asst. Prof., Mineral 
Preparation, Penn. State Coll. 

The Behavior of Mineral Particles 
in Electrostatic Separation. By 
S. C. Sun, J. D. Morgan, Jr., Na- 
tional Security Resources Board, 
and R. F. Wesner, Engr., Mc- 
Nally Pittsburgh Mfg. Corp. 


Tuesday Afternoon 


Technical Session, Raymond E. 
Byler, Chairman. 
Unit Process of Operating 
Control 
An Electronic Tramp Iron Detec- 
tor. By C. M. Marquardt, Mining 
Engineer and Geophysicist, Com- 
bined Metals Reduction Co. 
Statistical Control Methods. By 
W. F. Keyes, Jr., Mineral Engr., 


Meeting News 











Hugo Johnson 
General Chairman, AIME Mid-Year Meeting 








and M. H. Dorenfeld, Mineral 
Engr. 

Experiences with a Density Record- 
ing and Control Instrument for 
Heavy Media Separation. By J. J. 
Bean, Min. Dressing Engr., 
American Cyanamid Co. 

Paper on pumping by Wm. B. 
Stephenson, The Allen Sherman 
Hoff Co. 


Wednesday Morning 
Technical Session, I. M. LeBaron, 
Chairman. 
Symposium on Grinding 
(titles later) 


Wednesday Noon 
Minerals Beneficiation Division— 
Business Luncheon. S. J. Swain- 
son, Division Chairman, presid- 
ing. 
Wednesday Afternoon 
“Clean-up” Session, Donald W. 
Scott, presiding. 
General Discussion of all papers. 


Extractive Metallurgy 
Division 
Tuesday Morning 

Technical Session. 

Titanium Investigations: Research 
and Development Work on the 
Preparation of Titanium Chlo- 
ride and Oxide from Titanium 
Mattes. By R. G. Knickerbocker, 
C. H. Gorski, H. Kenworthy and 
A. G. Starliper, Met. Div., U. S. 
Bureau of Mines, Rolla, Mo. 

A Thermodynamic Investigation of 
the System Silver-silver Sul- 
phide. By Terkel Rosenqvist, In- 
stitute for the Study of Metals, 
University of Chicago. 


Section 2 .. . 283 











Technical Sessions 








Industrial Minerals 
Division 
Monday Afternoon 

Building Materials; Groundwater. 

Industrial Limestones of Indiana. 
By John B. Patton, Indiana Geo- 
logical Survey. 

Limestone in the Muskingum Val- 
ley. By C. H. Bowen, Ohio State 
University Experiment Station. 

Raw Material Economics of the 
Ohio Cement Industry. By R. J. 
Anderson, Battelle Institute. 

Occurrence of Groundwater near 
Lexington, Kentucky. By D. K. 
Hamilton, Univ. of Kentucky. 

Our Nation’s Building Stone. 
(Film.) By M. J. Morgan, Indi- 
ana Limestone Producers Ass’n. 


Tuesday Morning 


Mineral Deposits. 

Silica Deposits of Arkansas. By 
W. B. Mather, Southwest Re- 
search Institute. 

Kaolin in Texas. By F. K. Pence, 
University of Texas. 

Mineral Resources of the Lone 
Star Steel Company. By A. B. 
Drescher, Lone Star Steel Co. 

Geologic Exploration for Uranium 
in the Colorado Plateau Area. 
By Wallace G. Fetzer, Atomic 
Energy Commission. 


Tuesday Afternoon 


Preparation; New Products. 

Problems of Preparation of Lime- 
stone Samples for Spectrographic 
Analysis. By Richard K. Lein- 
inger, Indiana Geological Survey. 

Petalite—A New Commercial Min- 
eral. By John D. Clarke, Foote 
Mineral Co. 

Sand Deposits of Northern Ohio. 
By Wm. Smith, Ohio State Univ. 

Producing Strong Light-weight Ag- 
gregate Using a Wide Variety of 
Clays. By G. A. Bole and K. B. 
Czarnecki, Ohio State University 
Experiment Station. 

Refractory Clay Situation in Ohio 
and Kentucky. By J. O. Ever- 
hart, Ohio State University Ex- 
periment Station. 


Wednesday Morning 


Salt Deposits. 

Salt Deposits of New York State. 
By John G. Broughton, New 
York State Science Service. 

Salt in the Northern Appalachian 
Area. By John A. Ames,- Balti- 
more and Ohio Railroad. 

Geology of Michigan Salt Deposits 
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By Harry J. Hardenberg, Michi- 
gan Geol. Survey. 
Salt Deposits of Kansas. 


Wednesday Afternoon 


Wednesday afternoon left open so 
members of Industrial Minerals 
Division may attend the Air Pol- 
lution session of the Coal Divi- 
sion, at 2 p. m. 


Coal Division 
Monday Afternoon 


Student Forum—joint with all Di- 
visions. 

Panel: Moderator, C. E. Lawall, 
Chesapeake & Ohio Railway Co. 
A. R. Anderson, Mgr. of Sales, 
Mining Div., The Jeffrey Mfg. 
Co., Columbus. C. E. Bales, vice 
president, Ironton Fire Brick Co. 
M. D. Cooper, Mgr., Vocational 
Training, National Coal Associa- 
tion. Gerald C. Gambs, Mgr., 
Service Dept., Pittsburgh Consol- 
idation Coal Co. James Hyslop, 
Exec. Vice Pres., Hanna Coal 
Co. L. F. Reinartz, vice presi- 
dent, Armco Steel Corp. D. T. 
Ring, vice president, The Preston 
Oil Company. Clyde E. Williams, 
director, Battelle Memorial Insti- 
tute. 

Tuesday Morning 


Coal Geology and Synthetic Fuels. 

Coal Reserves of Perry County, 
Ohio. By Norman K. Flint, Geo- 
logical Survey of Ohio, Colum- 
bus, Ohio. 

Research in Coal Geology. By Gil- 
bert H. Cady, Illinois State Geo- 
logical Survey, Urbana, III. 

Preparation of Coals for Synthetic 
Liquid Fuels. By Wm. J. Crentz 
and J. D. Doherty, U. S. Bureau 
of Mines, Washington, D. C. 

Discussions: Synthetic Liquid Fue] 
Studies in Ohio. By W. H. Smith, 
Geological Survey of Ohio, Co- 
lumbus, and C. A. Bowen, Ohio 
State University, Columbus. 


Tuesday Noon 


Luncheon. Coal Division Executive 
Committee. 


Tuesday Afternoon 


Symposium on Continuous Mining. 
The Analysis for a Continuous Min- 
ing Machine. By Gerald van 
Stroh, BCR Mining Development 
Committee, Huntington, W. Va. 
The Colmol, A Continuous Mining 
Machine. By Clifford H. Snyder, 
Sunnyhill Coal Co., Pittsburgh. 
The Continuous Miner. By W. B. 


Jamison, Jamison Coal & Coke 
Co., Greensburg, Pa. 
Dosco Continuous Miner. 


Wednesday Morning 


Promises for A.C. Power Econ- 
omies with New Mining Methods. 
By J. R. Guard, Rochester and 
Pittsburgh Coal Co., Indiana, Pa. 

Symposium on Mine Roof Pinning: 

Latest Developments in Roof Bolt- 
ing. By Edward Thomas, U. S. 
Bureau of Mines. 

Paper by Lee Siniff, Consolidation 
Coal Co. (Ky.), Jenkins, Ky. 


Mining Methods 


Tuesday Morning 


Technical Session. 

Development Work with Trackless 
Equipment. By E. A. James, 
Asst. Gen. Mine Supt., Southeast 
Missouri, St. Joseph Lead Co. 

Wrapping Pillars with Old Hoist 
Rope. By B. T. Wykoff, Mine 
Supt., St. Joseph Lead Co. 

Stresses About Mine Openings. By 
Louis A. Panek, U. S. Bureau of 
Mines, College Park, Md. 


Wednesday Morning 


Technical Session. 

A Classification and Application of 
Drill Jumbos. By O. J. Neslage 
and R. W. Jenkins, Joy Mfg. Co. 

Pneumatic Sectional Steel vs. Dia- 
mond Core Drill Sampling in 
Brecciated Rock, Aspen, Colo- 
rado. By Paul T. Allsman, U. S. 
Bureau of Mines, Salt Lake City, 
Utah. 

Development in the Use of Steel 
for Underground Support. By 
F. J. Haller, Supt., Mather Mine, 
The Cleveland-Cliffs Iron Co. 

Concrete Slusher Drifts. By Joseph 
Bernhardt, Mine Supt., Mine No. 
4, Bethlehem Steel Co. 


Wednesday Noon 
Coal Division Luncheon. 


Wednesday Afternoon 

Symposium on Air Pollution. Ball- 
room, Neil House. 

Some of the Unknown Air Pollut- 
ing Solids of Alleghany County. 
By T. C. Wurtz, County of Alle- 
gheny, Pittsburgh, Pa. 

Air Pollution by Industrial Gases 
and Liquids. By L. C. McCabe, 
U. S. Bureau of Mines, Washing- 
ton, D. C. 

Discussions: W. C. L. Hemeon, In- 
dustrial Hygiene Foundation, 
Pittsburgh, Pa. Henry F. Hebley, 
Pittsburgh Consolidation Coal 
Co., Pittsburgh, Pa. 
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WELL 
During the week of October 16th-22nd, your 


community’s attention will be focused on 


the oil industry! For that’s the date of Oil Progress 
Week —the week that gives you a chance to report the 
progress you and your industry have made. 


Y 











Last year, Oil Progress Day gave thousands of oil men 
across the country a great chance to tell their story— 
and they did, with results that paid off handsomely in 
good will and good business. This year, with an entire 
week devoted to the event, you’ve got an even greater 
opportunity to explain how your firm is helping to pro- 
vide America with better, more efficient oil products... 
higher standards of service. 


You’re the One Who Gains! 


You gain when your customers understand the com- 
petition in oil—the way you compete with rival com- 
panies to win customer approval. For as the public 
learns what a great job you're doing, they’ll understand 
why your business freedom means more oil products, 
better oil products, better service for them! 


Hurry! Get Ready For Your Big Week! 


Get free material to promote Oil Progress Week from 
your local committee office. You can adapt it to fit your 


ar 
f “EK 8 
/ oS Y i e 
op Ge soe 


ig 








we 
% 
ZY mn : 


\Y 
0 OP 


~ 





eS AX 


needs. Tie in ads...sample speeches... booklets... 
motion pictures...employee meeting material... poster 
designs... radio material...everything you need to 
make Oil Progress Week your week! 


Here’s how you can benefit from 
Oil Progress Week 


During Oil Progress Week get people acquainted with 
your business. That way, your neighbors will get a new 
understanding of the problems you face...an under- 
standing that’s bound to result in more friends for you! 
Tell them about today’s new and better oil products... 
how hard you’ve worked to maintain and step up your 
high standards of quality and service—and you create 
good will that pays off for you and your firm in the long 
run! 


Get in touch with your district committee NOW! 


They'll make it easy for you to make the most of Oil 
Progress Week. They'll give you material you can use 
to tie your business in with this big nation-wide report! 


Get in touch with your local O.I.LC. office Now, or write 


’ to national office address listed below. 


OIL INDUSTRY INFORMATION COMMITTEE 
—50 West 50th Street * New York 20, N. Y—— 


Don’t miss this chance to stand out in your 
community! Make Oil Progress Week Your Week! 












Core Lab’s SYS 
Diamond Bits and Core Barrels | 








complete a solid spread of 
reservoir engineering services 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 


Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 601 Continental Building, 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 15, 1949. Any discussion offered thereafter should be in the form of a new paper. 

















A CALCULATION OF THE EFFECT OF PRODUCTION RATE 
UPON ULTIMATE RECOVERY BY SOLUTION GAS DRIVE 


CHARLES C. MILLER, E. R. BROWNSCOMBE, MEMBERS AIME, AND W. F. KIESCHNICK, JR., 
JR. MEMBER AIME, THE ATLANTIC REFINING CO., DALLAS 


ABSTRACT 

The possibility has been mentioned that large pressure 
gradients in a solution gas driven field caused by high pro- 
duction rates might lead to a reduction in the ultimate recovery 
obtainable compared to that which would be obtained by a 
very slow rate of production. In the present study the reservoir 
conditions accompanying a high rate of production and the 
corresponding ultimate recovery were compared with those 
obtained if the reservoir were produced at some marginal rate 
throughout its entire life. The method of calculation involved 
the application of fluid flow - material balance analysis to a 
series of successive steady state conditions in the reservoir. 
In the case studied very little difference in recovery was 
obtained at the abandonment pressure. An analysis of the 
basic factors involved indicates that the same results would 
hold for considerable variation in properties of reservoir 
fluids, permeability of the formation or well spacing. Even if 
the reservoir has a water drive it appears that no harm will 
be done by open flow production if the rate is cut back before 
any appreciable free gas is produced. However, any condition 
which leads to disproportionate withdrawal rates and which 
causes large pressure differences over large areas might result 
in substantial loss in ultimate recovery. 

INTRODUCTION 

When the pressure declines in a reservoir, gas is evolved 
from solution causing a shrinkage in the reservoir oil so ihat 
a stock tank barrel of oil with its residual dissolved gas 
occupies a smaller volume than originally. For a given reser- 
voir oil saturation, therefore. stock tank oil content will be 
higher at the lower pressure. At the same time the evolved 
gas which remains in the reservoir reduces the reservoir oil 
1 Re levennen are given at end of paper. 


Manuscript received at office of Petroleum Branch September 22, 1948. 
Paper presented at Branch Fall Meeting in Dallas October 4-6, 1948. 
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saturation, and this would be expected perhaps to cause a 
reduction in stock tank oil content. However, around the well 
the shrinkage occurs so rapidly that stock tank oil may 
actually accumulate in this region in spite of the simultaneous 
reduction in reservoir oil saturation. If this accumulation 
should continue, spreading into a larger zone, the loss might 
be appreciable and because larger pressure gradients accom- 
pany higher rates the accumulation might possibly be large 
if wells are produced at too high a rate. It is the purpose of 
this paper to determine the effect of rate of flow on ultimate 
recovery by solution gas drive. 

The problem under consideration involves the unsteady state 
flow of oil in a closed radial system from which oil is pro- 
duced by the evolution of gas as a finite drawdown is estab- 
lished and the reservoir pressure declines. A somewhat similar 
unsteady state production problem dealing, however, with a 
linear system has been considered by Muskat and Meres.’ but 
these authors do not discuss the effects which rate may have 
on recovery. Other methods have been reported**' for estimat- 
ing recovery as a function of pressure decline when producing 
at an infinitesimal rate. and Muskat and Taylor’ have shown 
the effect of fluid and reservoir characteristics on recovery 
under these conditions. Assuming steady state to exist, Babson’ 
has given a procedure for computing the decline in well 
productivity as the field is depleted, and Moyer® has combined 
these methods to estimate abandonment conditions and the 
resulting ultimate recovery. These latter approaches to the 
problem either do not consider the effect of rate or assume 
steady state can be established. 

In detail this paper presents the behavior of the reservoir 
producing under unsteady state conditions and considers the 
effect of production rate during this unsteady state flow on 
the recovery attained. The analysis also shows that there will 
exist at abandonment a type of steady state, and on this 
basis a method has been developed for rapid calculation of 


abandonment conditions. 
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A CALCULATION OF THE EFFECT OF PRODUCTION RATE UPON ULTIMATE 


RECOVERY BY SOLUTION GAS DRIVE 


RESERVOIR AND OPERATING CONDITIONS 

The case chosen for this study considers the production of 
an undersaturated solution gas driven reservoir from a single 
well in a closed drainage area of 2000 feet radius and 30 feet 
thickness. For purposes of simplicity the permeability in this 
formation was assumed to be uniform throughout the entire 
region. The reservoir was taken to be at a pressure of 4900 
psi initially but to contain an oil having a saturation pressure 
of 4460 psi. 

Reservoir characteristics include a porosity of 16.9 per cent, 
a connate water saturation of 52 per cent, initial reservoir 
oil saturation of 48 per cent, and an initial effective oil per- 
meability of 6 millidarcies. Fig. 1 presents the effective per- 
meability of oil and the ratio of permeability to gas to perme- 


ke 
ability to oil, = as a function of oil saturation. 


The reservoir fluid selected has a formation volume factor 
of 2.70 reservoir barrels of oil per barrel of residue oil* and 
a gas solubility of 2720 standard cu ft of gas per residue 
barrel at saturation pressure. The viscosity of the reservoir 
oil at saturation pressure is 0.09 centipoise. The manner in 
which these factors change as pressure declines is shown in 
Figs. 2 and 3. Gas viscosities were taken from Katz and 
Bicher.’ 

The reservoir was produced at about 250 stock tank barrels 
per day‘until it reached open flow conditions. Thereafter, of 
course, the production rate fell steadily until abandonment 
conditions (10 bbl/day) were reached. Throughout the de- 
clining rate period the bottom hole flowing pressure was 
maintained at 1000 psi. This value was taken to be the mini- 
mum pressure under which natural flow would occur, and no 
attempt was made to consider the effect of artificial lifting. 


METHODS OF ANALYSIS 
Fluid Flow Material Balance Calculations 


Since no rigorous analytical methods have been developed 
fer the solution of the flow of fluid problems when both oil 
and gas are flowing through a reservoir, the methods used 
in the solution of this problem involve an approximation 
approach employing a succession of steady states. By this 
method the reservoir is subdivided into a number of annular 
rings surrounding a well, and it is assumed that steady state 
exists in each of these rings over a short time interval. This 
calculation considers a reservoir initially undersaturated at a 
uniform pressure and producing only the liquid phase. It then 
proceeds to deal with the reservoir in a transition state at 
some later time when pressure has fallen below saturation 
pressure and both oil and gas are flowing in the region near 
the well bore. A third phase of the calculation then deals 
with the reservoir completely below saturation pressure with 
both oil and gas flowing throughout the reservoir. Although 
the same general approach was used throughout the study 
it was necessary to modify the procedure somewhat when 
considering each of the three phases of the production history 
outlined above. 


* Refers to oil differently stabilized at reservoir temperature, see page 238. 
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Expanding Liquid Production 

At the start of the operation when the reservoir fluid wa- 
entirely in the liquid phase. a graphical method* for the solu- 
tion of unsteady flow problems was employed. After a short 
producing interval a steady state condition was found to be 
established in which each zone of the reservoir contributes 
to production in direct proportion to its size. A material bal- 
ance - fluid flow analysis based on these conditions’ gives: 


mn r I ~f, 


+ ons 
+P-Pi = - — <= oo oe 
In, r, 2r* 


2rahk, ( 1-2: )- o3- 
r 


t See Appendix. 
Expressing the reservoir fluid content in terms of the com- 
pressibility and the average reservoir pressure decline as ob- 
tained by integrating the pressure distribution given by this 
equation, the total withdrawal up to the time saturation 
pressure reaches the well bore may be expressed as 


° 


sr hf(1-C,) rT. 
AQ... =— : (pi - pw) (1-—-) - 
. 5.61F; rT, 
os In, 2 3 4 ie i “ (2) 


2rahk, ( l = ) 
? 


The time interval to obtain this production is then deter- 
minable from the constant production rate assumed at the 


well bore. From the pressure distribution equation and _ the 
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FIG 1 — RATIO OF PERMEABILITY TO GAS TO PERMEABILITY TO OIL 
AND EFFECTIVE PERMEABILITY TO OIL 
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FIG, 2 — PRESSURE VOLUME DATA 


compressibility of the fluid the distribution of residue oil may 
be determined, and all the conditions within the reservoir 


are completely defined. 


Transition Phase 

The uniform withdrawal rate and corresponding uniform 
pressure decline over the reservoir during the single phace 
production history is followed by a transition period as the 
pressure falls below saturation, first near the well bore and 
later out into the reservoir. While the outer portion of the 
reservoir, therefore, is still producing by an expanding liquid 
drive, the inner portion has entered the secondary or two- 
phase period of its production history. 

Since the production rate at the well is to be held constant 
and a larger proportion of the total flow will be contributed 
from the region near the well bore where the reservoir fluids 
are more expansible, the flow rates in the expanding liquid 
region must necessarily decline. It was assumed, however, that 
this decline would be gradual and that steady state conditions 
could be assumed in this region. A modification of equation 
(2) has been derived in the Appendix to allow the computa- 
tion of the withdrawals from the expanding liquid portion of 
the reservoir. Knowing these withdrawals the withdrawals 
from the remainder of the reservoir may be computed by the 
methods outlined below under two-phase production. 
Two-Phase Production 

In the region where both oil and gas are flowing it is 
necessary to consider changes in reservoir oil saturation and 
the resulting decline in relative permeability along with 
changes in pressure as the formation is depleted. The neces- 
sary equations for these steps are given and discussed in 
detail in the Appendix. Briefly, the method is one of trial and 
error. Assuming a pressure at the inner boundary of a zone, 
the oil saturation may be calculated by successive approxima- 
tions employing Darcy’s Law and a material balance on the 
residue oil. As a check that the assumed pressure is correct, 
the average gas-oil ratio at the inner boundary may be calcu- 
lated from a gas balance and compared with the initial and 
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the saturation and the pressure at the boundary. Since the 
pressure gradient is zero at the boundary, an analysis by 
Muskat' for the zero drawdown solution gas drive problem 


gives the desired relationship. 


Stock Tank Recovery and Surface Gas-Oil 
Ratio Calculations 

It is well known that different pressure volume relationships 
are obtained as a function of pressure decline by differentially 
lowering the pressure and removing gas as compared with 
flashing the reservoir fluid to the desired pressure. E. C. 
Patton’ has pointed out that these differences are significant 
when making an analysis of a reservoir. He suggests that the 
differential type of data should be used to represent these 
fluids in the reservoir while an equilibrium flash separation 
best represents the separation which occurs at the surface of 
the ground and should be used to correct the well stream 
materials to stock tank conditions. In the course of the present 
studies it was found necessary to consider one further factor 
in connection with the proper interpretation of the PV results. 
The particular reservoir under consideration is at an elevated 
pressure, and the reservoir fluid contains a large amount of 
intermediate components. Under these conditions it may be 
expected that the gas reaching the well will contain a large 
amount of condensable liquids, a portion of which will con- 
dense in the separator and be recovered as stock tank oil. 
To estimate the amount of such condensation the composition 
of the oil and gas produced was calculated and the two fluids 
were mixed in proportion to the gas-oil ratio. This mixture was 
assumed to be flashed through the separator to the stock tank 
in order to obtain the stock tank oil recovery. Because of the 
high pressure of separation in the reservoir no great degree of 
accuracy can be claimed for these results. However, the trends 
and the order of magnitude of recovery from the gas phase 
are significant. During the early stages of production history 
the results do not differ materially from those which would 
be obtained by assuming a flash separation of dissolved gas 
and oil. In the latter stages of the operation, however, when 
large volumes of gas are produced along with the oil as 
much stock tank oil is recovered from the gas phase as from 


the liquid phase. 
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final values determined on the basis of the pressure and 00 —— : 
Sé ati . oes cs ‘ \e) 1000 2000 3000 4000 5000 6000 7000 
aturation conditions at this point. 
Pressure PS. 
In order to apply the approximation formulas used in the 
two-phase case, it is necessary to have a relationship between FIG. 3 — VISCOSITY OF OIL 
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A CALCULATION OF THE EFFECT OF PRODUCTION RATE UPON ULTIMATE 


RECOVERY BY SOLUTION GAS DRIVE 


DISCUSSION OF CHANGES OCCURRING 
IN THE RESERVOIR 

The results of these calculations which describe the transient 
history of the reservoir producing under open flow conditions 
are presented in Figs. 4-7 in which isochronic (same time) 
curves are shown for pressure and saturation distribution and 
the resulting gas-oil ratio and stock tank oil distribution. For 
comparison the conditions which would obtain if the rezervoir 
were produced at an infinitesimally slow rate are also indi- 
cated. Since the present discussion deals with conditions exist- 
ing within the reservoir, all quantities of oil are referred to 
“residue oil” rather than stock tank oil. “Residue oil” is 
defined as the oil remaining at atmospheric pressure after 
differential separation of the reservoir fluid at reservoir 
temperature. 

The early, expanding liquid-drive phase of the production 
history is characterized by a short transient followed by a 
uniform decline of pressure and residue oil content over the 
reservoir. This uniform decline of pressure and residue oil 
content is attained during the first week and continues until 
the pressure begins to fall below saturation pressure. The 
large gradients of pressure and residue oil content are seen 
to be confined to the vicinity of the well bore. As pressure 
falls below the bubble point in the area near the well bore, 
considerable gas is evolved but does not leave the area because 
there is insufficient permeability to gas at this time, and the 
oil saturation then declines sharply near the well as gas dis- 
places oil (Fig. 5). Other effects of this gas saturation 
increase are (1) a sharp drop in productivity index because 
of the sharply reduced permeability to oil and (2) a more 
rapid withdrawal from zones near the well (Fig. 8) because 
the oil and gas system now present is more expansible here 
than the oil in the rest of the reservoir. The effect of gas 
evolution prior to its leaving the area where evolved is further 
in evidence in the gas-oil ratio curves, where a decline near 
the well is noted in the early curves (Fig. 7). 

As the pressure drop below the bubble point proceeds far- 
ther out into the reservoir, the region of gas accumulation and 
declining gas-oil ratios occurs farther from the well. Near the 
well the gas saturation continues to increase and free gas 
begins to flow. This behavior accounts for the minimum in 
several of the early gas-oil ratio curves (Fig. 7). When gas 
begins to flow, the liquid saturation declines more slowly, 
and in the vicinity of the well this decline is not sufficient to 
keep pace with the oil shrinkage accompanying the pressure 
decline in this region. Therefore, a portion of the oil with- 
drawn from more remote regions of the reservoir is accumu- 
lated here. This accumulation of residue oil (also of stock 
tank oil) is the principal effect of producing the reservoir 
wide open, and conclusions concerning the over-all and ulti- 
mate effect upon recovery of an open flow production operation 
depend upon the magnitude of this accumulation. 

With further pressure decline and gas evolution, the accom- 
panying reduced oil permeability results in larger gradients 
throughout the reservoir, and the oil accumulates in a larger 
portion of the reservoir (Fig. 6). This accumulation is shown 
by the increase in residue oil as the well is approached. The 
distribution of residue oil per barrel of pore space is plotted 
here as a function of area of drainage rather than radius of 
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drainage so that the area under any curve will represent the 
amount of residue oil in the reservoir at any given time. The 
area between any two constant-time curves then represents 
production during that time interval from the entire reservoir. 
Successive curves which converge or cross therefore indicate 
the accumulation effect. Successive parallel curves imply that 
the various zones in the reservoir are contributing propor- 
tionate shares of production and that there is no further 
accumulation. 

When open flow conditions are reached, the pressure around 
the well falls more slowly because less oil is flowing and the 
total drawdown and the permeability gradient in this area 
decrease. The amount of accumulated oil reaches a maximum 
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value when the oil saturation is decreasing as rapidly as the 
liquid is shrinking. 

The liquid and gas saturations in the reservoir are deter- 
mined by the gas evolution and accompanying oil shrinkage 
as well as by the relative abilities of these fluids to escape, as 


kg 
expressed by the ratio of effective permeability, —, when 
a sufficient gas saturation is developed gas can escape almost 
as fast as it is liberated from solution as shown by the rising 
gas-oil ratio in the reservoir, first only near the well and 
later throughout the reservoir. Large oil saturation gradients 
are set up in the reservoir during the early part of the produc- 
tion history because the large amount of gas evolved near 
the well bore accumulates at first. Later as the gas accumula- 
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tion moves back into the reservoir and gas begins to flow in 
sizable amounts near the well bore, the oil gradient begins to 
level out. Finally as gas flows freely throughout the reservoir 
and only very slight decreases in oil saturation allow very 
large increases in gas flow, the oil saturation gradient further 
flattens and approaches a condition of constant distribution 
at any subsequent time. In fact, the saturation gradient de- 
creases to such an extent that at abandonment conditions 
(2l-year curve, Fig. 5), the oil saturation is essentially con- 
stant over the entire reservoir. 

Fig. 8, describing the rate of flow of residue oil within the 
reservoir. offers a concise review of the transient history just 
described by the other various figures. At first as the liquid 
expansion phase of production establishes a steady state of 
proportionate withdrawals from the various zones in the reser- 
voir, the distribution of rate of residue oil flow is linear with 
area of drainage. Then as gas accumulation near the well 
causes greater production from this area, the flow rate 
increases as the well is approached. As accumulation of residue 
oil begins near the well, the rates decline. Finally as the 
steady state-proportionate withdrawal condition is again ap- 
proached, the distribution of rate again becomes essentially 
linear. It is to be noted that throughout the production history 
the departure from linearity of the rate distribution curves 
because of gas and residue oil accumulation effects is essen- 
tially confined to the area near the well bore. 


The decline of productivity index and reservoir boundary 
pressure (Fig. 9) and the change of gas-oil ratio and decline 
of stock tank oil production (Fig. 10) show the changes as 
a function of time that would be expected in light of the above 
discussion. Theoretically, the produced gas-oil ratio should 
decrease as gas accumulates near the well in the early history. 
This effect was too small to observe in the present calculations. 
One factor tending to minimize it is the production of free 
gas near the well as the pressure drops tending to offset the 
accumulation of gas farther out in the reservoir. Comparing 
the abandonment gas-oil ratio at the surface (SCF/Stock 
Tank bbl) with that at the well bore in the reservoir 
(SCF/Residue bbl). the surface ratio is found to be about 
half the reservoir ratio. In part, this is due to the difference 
between flash separation at atmospheric conditions and differ- 
ential stabilization at reservoir conditions. However, the prin- 
cipal difference is due to the condensable materials in the 
reservoir gas which are partly recovered by the atmospheric 
stabilization. 

EFFECT OF RATE UPON ULTIMATE RECOVERY 

In order to determine whether any loss in ultimate recovery 
has resulted from the open flow production, the results of this 
study are compared with the recovery obtainable by producing 
the field at an infinitesimal rate (Fig. 11). This latter case 
was taken to give the maximum recovery since there are no 
pressure and saturation gradients in the field and therefore 
oil accumulation will not occur. Figs. 4 through 7 presented 
and discussed in the previous section contain the production 
history curve (in dashed lines) for the infinitesimal rate 
operation. It will be noted that the comparison between the 
open flow case and that of infinitesimal drawdown is made 
on the basis of the same reservoir pressure at the outer 
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boundary. Although this basis of comparison might be re- 
garded as somewhat arbitrary, it will suffice for the purpose 
and has the advantage of pointing out( Fig. 6) that the recov- 
ery of residue oil is less under open flow conditions although 
the pressure decline in the reservoir is everywhere greater. 
If the infinitesimal rate case is assumed to be at the average 
pressure of the open flow case instead of at the boundary 
pressure, more recovery than above will be obtained in the 
infinitesimal rate case and the loss due to open flow production 
will be greater. The difference between these two method: of 
comparison, however, is not appreciable, being less than 1 per 
cent of the recovered oil. 

In Fig. 6, showing the distribution of residue oil in the 
reservoir, it is seen that at abandonment the amount of accu- 
mulated oil is appreciable, amounting to about 8 per cent 
of the produced oil. This loss accruing from the open flow 
operation is expressed on a residue oil basis and represents 
the loss in reservoir oil recovery. In this particular study, since 
the reservoir was at high pressure, the gas phase contained 
appreciable. quantities of condensable vapors which were 
recovered in the stock tank. Further, the large drawdown in 
the open flow case gave appreciably lower pressures over 
large areas at abandonment than those obtaining in the infin- 
itesimal case, so that at abandonment the open flow case had 
produced substantially more gas than the infinitesimal case. 
Taking the recovery of these materials into consideration the 
loss was reduced from 8 per cent to about 2 per cent. 

It has already been pointed out that as abandonment con- 
ditions are approached the oil saturation becomes practically 
constant throughout the reservoir and the flow rate increases 
in proportion to the area traversed as the well is approached. 
Assuming these two conditions to hold it may be shown that 
a steady state exists similar to that which is set up during 


Since at abandonment the oil saturation is essentially uni- 
form throughout the reservoir, and since the rate of flow of 
the gas is much higher than the rate of flow of the oil and 
the compressibility of the gas much higher than the compres- 
sibility of the oil, it may be anticipated that the rate of pres- 
sure decline in each part of the reservoir and therefore the 
time to reach a steady flow state under such conditions will 
be governed primarily by the gas phase factors. Although 
equation (3) is derived from a compressible liquid flow 
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the expanding liquid phase of production. Equation (1) rep- 0.90/ 7" 
resents the pressure distribution if the permeability k,, is taken 
to be the effective oil permeability at the abandonment satura- of | | | E 
tion. Since the saturation is constant the residue oil distribu- 
tion can then be computed from the pressure distribution. A 
comparison at abandonment between the conditions of pres- 070}- t + ; +-— 
sure and oil distribution at the end of the unsteady state 
production and conditions under the steady state assumptions 
indicates that a steady state has been attained. — ‘ome 

The above analysis implies that the ultimate recovery will ow | 
be determined primarily by the operating conditions at aban- < 0504+ } 14500 
donment; the previous history of operation in this solution 58 . ss 
gas driven reservoir will have little effect. The same conclusion => \ gs 
may be arrived at from a consideration of the time required a 040} | | a > 
to reach steady state conditions at abandonment. 38 } a 

As mentioned previously, approximately one week is re- Es 030: " 3500 S 
quired after production is started in the reservoir for a steady a a 3 
state condition to be set up such that oil is being withdrawn rs - 
equally from all parts of the reservoir. A set of general solu- 0.20} = ; , 13000 < 
tions of the differential equation governing unsteady state g 
compressible liquid flow is given by Muskat.' In each case 3 
the parameter containing time also contains the ratio: distance = T eile 
squared over diffusivity. Thus, in this type of problem the oe 
time required to reach an equivalent condition is proportional ol a SS )2000 
to this ratio: © ° ° a . 20 a 

Production Time- Years 
i Ss ; distance squared reel 
t is in proportion to —————_——— =——. .. (3) 
diffusivity k FIG. 9 — PRODUCTIVITY INDEX AND PRESSURE DECLINE 
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analysis, it may be used in the present case for gas flow since 
as may be seen from Fig. 4, the pressure varation over 90 per 
cent of the reservoir is less than 10 per cent of the drawdown, 
which gives a relatively constant compressibility for the gas 
permitting use of liquid flow equations over this portion of 
the reservoir. A comparison of the fluid factors initially and 


at abandonment gives: 
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At Abandonment 
Initially (oil) (gas) 


viscosity .088 cp 0.17 at 1750 psi 
c compressibility 4.02 x 10° psi ' 2.9x 10“ at 2340 psi 
f porosity filled .08] 038 
k permeability 5.6 md 37 
diffusivity 19.6x10°mdx psi 1.97 x 10° 
per cp 


Since the distance factor is the same in both cases the time 
required to come to equilibrium is inversely proportional to 
the diffusivity; thus, since one week is required initially ten 
weeks would be required to level out any transient and estab- 
lish a steady state flow condition in the reservoir when it is 
nearing depletion. This time is very short compared to the 
period of time required for the last stages of depletion. For 
this reason it may be expected that the ultimate recovery, 
which depends upon the final state of the reservoir, will be 
a function of operating conditions in the last stages of deple- 
tion and will be independent of operating conditions earlier 
in the life of the field. This is in line with the conclusion 
reached in the detailed analysis of the transient history of 
the field. 


GENERAL APPLICABILITY OF CONCLUSIONS 

The above considerations may be used to estimate the effect 
of rate upon recovery from solution gas driven reservoirs which 
have properties different from those assumed in the present 
example. The time required to reach a steady state flow under 
abandonment conditions may be used as a criterion of whether 
or not ultimate recovery will be affected by rate of flow since 
the attainment of a steady state will eliminate differences due 
to variations in previous operating conditions. The determina- 
tion of how widely the conclusions developed from the present 
example apply requires the estimation of the range of values 
corresponding to abandonment conditions likely to occur in 
equation (3) for commercial fields. The present example rep- 
resents a case of very wide spacing and low permeability. The 
gas viscosity will not vary greatly with type of gas or pres- 
sure. The porosity filled with gas will vary only over a rather 
limited range. The gas compressibility may vary considerably, 
however, being approximately inversely proportional to reser- 
voir pressure. Also the well spacing, proportional to r°, may 
vary considerably. In general, these two important variables 
will tend to compensate each other since wider spacing usually 
follows deeper wells and higher pressures. In the present 
example the spacing was 288 acres per well and the abandon- 
ment pressure 2400 psi. As a widely different case, consider 
a shallow field with a 5-acre spacing. Assuming a permeability 
of 100 md, the minimum average reservoir pressure likely to 
be attained is estimated to be 50 psi (the abandonment reser- 
voir pressure will be related to the assumed permeability and 
abandonment rate of flow). Since the spacing and compressi- 
bility factors approximately compensate, the greater perme- 
ability of the shallow field reduces the time to come to equi- 
librium in the shallow field at abandonment to one week. Thus. 
it seems likely that in general rate of production has no 
significant effect on ultimate recovery by a solution gas driven 
mechanism. If gravitational effects or other rate-sensitive fac- 
tors are present, then these must be evaluated before applying 
the above generalization to any specific case. 
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STEADY STATE ABANDONMENT CONDITIONS 

A type steady state in which the various zones in the reser- 
voir contribute in proportion to their volume is the type steady 
state to be referred to in the ensuing discussion. In the course 
of calculating the transient history of the reservoir studied 
in this discussion it is noted that successive curves of oil 
saturation, C,, assume progressively flatter proportions until 
near abandonment when the distribution of C, throughout 
the reservoir is essentially constant. This is readily acceptable 
upon noting that near abandonment the gas saturation has 
increased to such an extent that any gas produced essentially 
is merely bled off, assisting practically nil in producing oil 
by displacement. The rapid increase in gas permeability with 
very slight decrease in oil saturation near abandonment then 
tends to establish the flat distribution of C.. throughout the res- 
ervoir at abandonment. Also near abandonment. since satura- 
tion is essentially constant over the reservoir, the distribution 
of relative permeability to oil over the reservoir is quite uni- 
form. This leads to a series of several pressure distributions 
near abandonment that decline quite uniformly; that is, suc- 
cessive pressure curves are essentially parallel over most of 
the reservoir. This combination of circumstances leads to suc- 
cessive C,/F curves that are essentially parallel, which is a 
graphical expression of the fact that the various zones of 
the reservoir are producing residue oil in proportion to their 
respective volumes. This is expressed in another manner by 
the linearity of the curves of rate of residue oil flow within 
the reservoir as functions of area of drainage. 


The condition described above can be taken advantage of 
in simplifying calculations of abandonment conditions by use 
of the single-phase. radial-flow adaptation of Darcy’s Law to 
the type steady state described (equation 1). By making use 
of the constancy of C, near abandonment conditions and using 
the effective permeability to oil characteristic of this constant 
saturation along a given curve, as well as using an average 
value of «.F which changes only slightly with pressure. an 
entire curve may be calculated with only a few points. and 
quickly, using: 


(HOF) weeds r-r 


2rahk, ( 1 i 


EFFECT OF WELL SPACING 
The well whose transient history for open flow production 
has been calculated had a radius of drainage of 2.000 ft. 
corresponding to a well spacing of 288 acres. It may be noted 
from Figs. 4-7 that throughout the majority of this reservoir 
the pressure and saturation gradients are very low. Thus the 


> Pi = 


ultimate recovery from this solution gas driven reservoir 
appears to be essentially independent of well spacing. 

To confirm this an evaluation will be made of the recovery 
to be expected by 10-acre spacing. This will be based on the 
approximation of the steady state two-phase abandonment con- 
ditions described earlier. By assuming the same abandonment 
rate for the 10-acre reservoir as was taken in the transient 
history calculations, the distribution of pressure at abandon- 
ment for the 10-acre reservoir may be calculated when the 
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bottom hole flowing pressure is known (open flow conditions ) 
and the boundary pressure can then be computed. The satura- 
tion at the boundary can be readily determined. and since it 
is justified to assume saturation in the reservoir to be con- 
stant, the complete distribution of oil in the 10-acre reservoir 
is described. Such calculations show that the 10-acre reservoir 
would be abandoned at a lower pressure and oil saturation 
than the 288-acre reservoir because much of the oil has to 
flow a shorter distance to a well. With the close spacing the 
productivity index corresponding to a given perimenter pres- 
sure would be improved by 20 per cent and the field depleted 
to the lower pressure of 2200 psi (2400 psi for 288-acre res- 
ervoir) giving about 1 per cent more recovery. Since this 
advantage is certainly minor in view of the large number of 
wells required, the question of well spacing essentially would 
reduce to an economic balance between added capital expendi- 


ture for drilling and saving in time of depletion. 


WATER DRIVE AND PRESSURE MAINTENANCE 


Following the conclusion that for any desired spacing a 
field produced solely by solution gas driven mechanism may 
be produced wide open without fear of decreasing ultimate 
recovery, questions naturally arise as to what harm. if any. 
will be done if a field is opened up and later found to be 
water driven or if a field is opened and it is later decided 
to institute a pressure maintenance program. The danger in 
such a situation would lie in the shrinkage that would accom- 
pany a decline in pressure and the subsequent loss of more 
stock tank oil in the form of residual oil trapped back of 


the water or gas front. 


During the early life of such a water driven field that has 
been produced at open flow the evolved gas does not flow 
appreciably but rather remains in the individual pores until 
the gas saturation has built up sufficiently for the gas perme- 
ability to permit flow. Upon increasing the reservoir pressure. 
for example by water encroachment during a shut-in period. 
this dispersed gas would be redissolved in the oil and the net 
shrinkage would be negligible. It follows then that producing 
a water driven field initially at open flow causes no permanent 
loss in ultimate recovery if production at open flow is ter- 
minated before appreciable amounts of excess free gas are 
produced. However. the operation must be followed carefully 


and the absence of water drive established at an early date. 


LARGE SCALE FIELD PRESSURE GRADIENTS 

The previous discussion has dealt with production from a 
formation having a uniform horizontal distribution of per- 
meability and produced from uniformly spaced wells. Large 
pressure gradients may develop across some fields. usually 
because of pronounced horizontal permeability variations. 
irregular well spacing. or disproportionate distribution of pro- 
duction among the wells. From the analysis of the results pre- 
sented it is seen that oil accumulates wherever the pressure 
is reduced. The loss is small merely because the low pressure 
area is confined to a small volume of the reservoir. Any condi- 
tions such as. those cited above which would result in a low 
pressure region of considerable areal extent, therefore. could 
cause a substantial loss in ultimate recovery in a solution gas 
driven field. The authors have made no detailed analysis of 


the loss possible under such circumstances. 
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CONCLUSIONS 

The results discussed in this paper lead to the following 
conclusions; 

1. In commercial solution gas driven fields a steady state 
condition will be approached during the long period of essen- 
tially constant rate near abandonment, the time required to 
reach steady state being short when compared with the time 
during which production occurs at a low, essentially constant 
marginal rate. 

2. Since the patricular steady state established in any solu- 
tion gas driven field is determined solely by the production 
rate at abandonment and the reservoir and fluid characteris- 
tics, the ultimate recovery will not depend on the manner in 
which the field is produced during the earlier history. In other 
words this type field may be produced wide open with no fear 
of loss in ultimate recovery. 

3. Since throughout the production history of such a reser- 
voir the pressure and oil saturation gradients in the majority 
of the drainage area are very small, a single well will effec- 
tively drain a large area given sufficient time and a close well 
spacing will not materially improve ultimate recovery. The 
slight increase for a very close spacing compared to a wide 
spacing (10 acres to 288 acres) resulted from the lower aver- 
age pressure at abandonment due to the smaller radius of 
drainage. 

1. If a field were produced under open flow conditions ini- 
tially and the presence of a water drive were later discovered. 
no serious harm would result provided the field is kept under 
close surveillance and the production of appreciable quantities 
of excess free gas is prevented. 

5. The foregoing conclusions apply to solution gas driven 
fields of uniform permeability produced by uniformly spaced 
wells. The presence of large pressure differences existing over 
large areas such as might be caused by differences in perme- 
ability, irregular spacing, or disproportionate production of 
wells could cause a decrease in ultimate recovery. 


APPENDIX 
Single Phase Production Analysis 


Brownscombe and Collins’ have developed a method for 
calculating pressure distribution by a material balance-fluid 


flow analysis. Their equation (10), by letting q. = 0 because 


there is no flow across the outer boundary, becomes: 


] _ 
p Cw i 
r, In. . . (>) 
! ] 9 
Changing from dimensionless variables, where r = r/ry and 
I r,./1 
| 1 os 
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r yg 
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Instead of ry, use r, as a reference radius across which rate 
is Maintained constant at value q, until steady state is reached, 
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In converting from dimensionless Ap to Ap, rate q, (defined 
in reservoir bbl by Brownscombe and Collins") is used at r,. 
and pressure p, at r;. 
2rhk, 
p= —(p-p,) Se Se 
Hq, 
in which formation volume factor F was inserted along with 
q, to put it on a residue barrel basis. This is an approxima- 
tion, but is well taken because of the relative constancy of F 
in this one-phase production. Inserting (8) into equation (7). 
and including the dimensional constant a to convert to units 
used in this paper. 
uq,k 
p-P: — Inahk, In, —— a (9) 


which is equation (1) in the body of the paper. 

Expressing the reservoir fluid content in terms of the com- 
pressibility and the average reservoir pressure decline as 
obtained by integrating the pressure distribution given by 
(9). the total withdrawal up to the time saturation pressure 


reaches the well may be expressed as: 


rr ,hf(1—C,,) f. 
Owe = = : (pi — pw) 1--— - 
5.61 F, rE 
L q = 
2 o r. 
In, a u es - €20) 
2rahk, | 1-— . * 25 


Transition Phase Analysis 

The pressure distribution after a uniform pressure decline 
over the reservoir has been established during the one-phase 
production history. This phase is followed by a transition 
period as the pressure falls below saturation pressure, first 
around the well bore and later out into the reservoir and is 
characterized by the outer portion producing by an expanding 
liquid drive, whereas the inner portion has entered the sec- 
ondary or two-phase part of its history. 

The production rate at the well is to be held constant at 
this stage of the production history. Since a larger proportion 
of the total flow will be contributed from the region near the 
well where the reservoir fluid system is more expansible, flow 
rates in the expanding liquid region must decline. Assuming 
this decline to be gradual, steady state conditions can never- 
theless be assumed in this region over short time intervals. 

Considering a zone from r, to r, entering into the transition 
region such that at time t, saturation pressure occurred at r, 
and at time t,. saturation pressure occurred at r., the method 
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of Brownscombe and Collins’ may be modified to describe the 
pressure distribution with reference to saturation pressure if 
the flow rate at r, is known: 


q.F r r -F, 


in, —-——}.. on 


P-P. = 


2rahk, | 1-- 
: 


The withdrawal, AQ... 
r., to r, between time t, and time t, is: 


from the expanding liquid region 


he (= 1c . 
AQ. = —— =)}-{= der’... (12) 
5.61 | oe F Jn \F /e. 


and since F = F,e‘’'-" and e* = 1+. x. when x is small. 
. Ls a 
hfcC, , ‘ 


\Q.. = —— 


361F, (Pie~Fal@er . «ss... 48) 


7r. 


Evaluating equation (11) for the pressure at any point r at 
time t, and t, gives 


Py-P ee on 
tb ta ig y Ne —— 
2rakoh r, I 2r° 
1-— 
r. 
q r F —TIys 
, In, ; OF - a ux co 
Fes 
i . 
r 


Substitute (14) into (13) and integrating: 


* hfcC, uF q. r 
0.. = —_—_—— ft _ : mr.1In ~ 
5.61F 2rak,h : ne 
. 


and 
B —_ hicCy, 7 BF wr, 
5.61F, 2rak,h 
“a 
l 
I 
I ) I r o 
Ln. ‘. « & & ee 
r | ht I 
(Note A = B when: Fis) 


(18) 


then Aq,, — Bq,, = AQ.,. (liquid) 
Since A and B are merely functions of the two radii, r,, and 


r.., once the fluid and reservoir characteristics are defined, a 
knowledge of q., and q,, will allow the withdrawal AQ., to 
be calculated (see Fig. 12-A). The value of q,, is known from 
the curve previous in time. To establish the value of q,. a 
trial and error approach is necessary. The value of q,. must 
be estimated and then confirmed by obtaining a desired flow 
rate at the well at the time the saturation pressure occurs 


at r.. 
Having calculated AQ,, for r = r,,. then 
Q.. 
= t QA itanea 2» & = eae 
q 


since q,; is the constant flow rate over the interval t, — t, and 
the progress of saturation pressure out in the reservoir may 
be described thereby. It is to be noted that before establishing 
the progress of the saturation pressure out into the reservoir. 
it was necessary to define the production rates desired at 


the well. 


Two-Phase Production Analysis 

As in the earlier analysis, the reservoir is divided into a 
series of annular rings or zones surrounding the well for the 
two-phase production calculations. Over short time intervals 
and within each zone steady state conditions are assumed and 
an integrated form of Darcy’s Law can be used. In the 


absence of a rigorous analytical approach to describe the 


l : unsteady state flow of two phases within the, reservoir, this 
- approximation by a series of successive steady state conditions 
has been combined with material balance calculations to 
r. 3rr, ‘ rr, Tr Tr, cs a describe the two-phase production. An additional considera- 
"tz In — «a Ly ' 2 7” 2 oF tion in the region below saturation pressure is the decline in 
oil saturation resulting in a decline in relative permeability 
to oil. 

q wine I mr _ We. a (15) Using the afore-described general approach a method has 
: I | tr® ™ been developed to calculate the distribution of pressure and 
| - the other variables between the well bore and the position 
f at which saturation pressure occurs. Stepwise calculations 
describing the distribution of pressure and the other variables 
Let at a given time depend upon knowledge of such a distribution 
at some rrevious time. Dealing with two such constant time 
{= hfcC, , uF, Tr, r Fue r distributions of variables, material balance considerations 
r (ser X Irak h : In, ao In, : may be applied by considering the change in the various 
= + variables over a time interval t, to t, and within a zone 
r bounded by r, and r.. The shaded area in Fig. 12-B describes 
such a zone between t, and t,. It is to be noted that in a 
» ‘ typical calculation, conditions at point 1,, 2,, and 2, are 

o TF. Fas T Fs rl, Pe 
me af ; ny... 6 (16) ~~ known and conditions at 1, are to be calculated. The calcula- 
} tr’ 2r’ 2r’ tion of conditions at point 1, is begun by estimating the 
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pressure at that point. The oil saturation at 1, may be cal- 
culated by a relationship between pressure p and oil satura- 
tion C, obtained by simultaneous solution of the equations 
relating p to q/k,, permeability k, to saturation C,;, and with- 
drawal of oil AQ, or At(q, — q:) to saturation C,. A modifi- 
cation of Darcy’s Law allows the relationship between pres- 
sure p and the ratio of oil flow rate to permeability q/k, to 
be evaluated from r, to r. at t = t,: 


Pp: 
ir 1 
i * 27ah ~ A 
2 7A 


r, P: 


(20) 


Assuming that over a short interval q/k, is a linear function 


of log,r and integrating: 


dp 2.303 / 4 Q: ¥ 
» e+e ) tose 
uF brah Ko, ko, r; 
We have now an approximate implicit expression for Ap 


(or Piss given p..) in terms of (+ ) . Since (+) and 
 - k, 7: 


r./r, are known, the approximation of k, as a function of C, 
by a series of straight line segments has been assumed to 


» Pe 
(21) 


DP 


relate these two quantities by means of the equation: 


pen ion a 
k’ -k 

Where m is the slope of the straight-line segment in the 
and C,, and k, are the sat- 


region containing saturation C,, 
uration and permeability respectively locating the upper limit 
of this straight-line segment. It now remains only to express 
the oil flow rate q in terms of the oil saturation in order to 
obtain a relationship between pressure and saturation. This 
is accomplished by material balance consideration in which 
the withdrawal of residue oil from the zone r, to r. during the 
time interval t, to t, is readily given by: 
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AQz,, = (dia — Ge) i 


aT; 


GF) G). Je 


By assuming C,/F to be a linear function of r, this assumption 


(23) 


being well taken if sufficiently short distances are involved in 


defining zones, and the above integration performed 
analytically, 
whi C,, ; 
O.., = —— (1. -7,; A- a Jen T es TT 
3x 5.61 Fs, 
Cc 
( A — ) te 7 2. ) o - =e (24 ) 
k 
¢ C - 
where ( Ly :) —— ( :) ~ (3) and (25) 
FP y fx ee 
(26) 


(oF) = C),-C) 
‘FF NFA NF 
C,, , C, 
and where - equals value at r, at time t, and + 


. C,, 
equals value at r. at time t,, and ( ¥ equals value at r, 


C, 
at time t,, known from previous calculations, and ¥ 
la 


equals value at r, at time t, of present calculation. 
The calculation of gas production over the interval, AQg::, 


C, 
may be carried out by a similar formula with the ¥F replaced 


_C : 
by (-c + <i the sum of the free gas and the solution 


gas within a barrel of pore space. 
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By simultaneous solution of equations (21), (22), and 
(24), the oil saturation C,,. may now be expressed as a func- 


tion of pia: 


H 
v ’ q: T G 
mC,, — k, - —_—— 
q: E 
a 
k., 
Cc, = -— - 
" 2r, + r. 
m -————_— —_ 
, q: ° ‘ 
G iz = Eo) F, (27) 
where 
: rah 
k= -_—- 
2.303 log. 
; 3x 5.6] x At 
agi hf (r. r,) 
Cc. C, C, 
H = (2r, + r-) (3 )- (r, + 2] ¥ ).- ( . )| and 
P dp 
¢= é 
uF 
P: 


In evaluating the quantity ¢ in equation (27) it was found 


P: dp 


convenient to divide the curve of — vs p 


M, 
P: 
into a number of straight-line segments and write linear equa- 
tions for those segments. 

Having estimated p,, and calculated the oil saturation C,, 
associated with it, it now remains to confirm the assumed 
pressure. This is done by a consideration of the average gas- 
oil ratio over the interval. One method by which to calculate 
this average value assumes a linear variation of R with time, 


giving 


1 
R, = = (x. + R,) (28) 
R,, gas-oil ratio at r = r, and t = t,. may be calculated by 
Darcy’s Law, 
ky 
k,, 
R, = ——+t+S,. ..... (29) 
Me 
uF 


Another method by which the average gas-oil ratio may be 
calculated involves a material balance approach. Calculating 
the withdrawal of gas and oil from the zone by equation (24) 
and a similar equation for gas, the total flow of gas and oil 
past radius r, during the time interval At may be calculated 
by adding each respective withdrawal from the zone to the 
entry into the rear of the zone at r. 
4Q,,,= AQ, + 40, ‘ 


(30) 
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and = AQ, = AQ, + 4%, 2.2... . . (31) 


The average gas-oil ratio then is 


The estimation of pressure which initiated the series of cal- 
culations may now be considered correct if Ry, = R:-. 

Too review the calculation of the several variables at r, on 
time curve t,, the procedure may be briefly summarized as 
follows. All data are known at the beginning of the interval. 
time t,, and at radius r., and calculations are to be made at 
= t, 


the end of the interval. at time t, + At and at radius r,. 


(1) A value of 
estimated. 


pressure p,, at time t, and distance r, is 


(2) The corresponding value of oil saturation C,, is cal- 
culated by equation (27). 

(3) The average value of the gas-oil ratio Ry over the 
time interval is calculated by material balance from equation 
(32). 

(4) The value of the gas-oil ratio R, at the end of the time 
interval is calculated by means of the permeability-viscosity 
relationship (see equation 29). 

(5) Assuming that gas-oil ratio varies linearly with time 
over a short time interval, a second average value. R,. is calcu- 
lated from equation (28). 

(6) The values of R calculated by (28) and (32) are com- 
pared to provide a check on the value of p estimated in (1). 

As successive curves are calculated and saturation pressure 
reaches the boundary of the reservoir, curves later in time 
saturation and at the rear 
and t = t, in Fig. 12-C. Coinci- 
dentally with saturation pressure reaching the rear boundary, 


must originate below pressure 


boundary, viz. curve for t = t 


the bottom hole pressure fell to 1000 psi. bottom hole flowing 
pressure for open flow production, and the pressure isochrones 
now originating at the rear boundary converge at the well bore 
at 1000 psi. This calls for a slight revision in technique of 
calculation. Whereas before, the rate that occurred at the well 
bore upon completion of a calculation of a curve served as a 
check on the original estimate of the rate at t = t, and p = p 
where curve crossed saturation pressure. now the check con- 
sists of reaching a bottom hole flowing pressure of 1000 psi. 
and the curve’s calculation is originated at the rear boundary 
by estimating the elapsed time At since the previous curve 
and making use of knowledge of transient history conditions at 
the rear boundary. This latter point is quite important. Iso- 
chrones originating at or above saturation pressure made use 
of knowledge of saturation conditions as one of the three 
known points bounding the calculation “zone” prior to calcu- 
lation of the fourth point. However, with the initial zone at 
the rear boundary below p = p,. a means must be employed 
to describe the history of a barrel of pore space at the reat 
boundary. This may be done by a series of gas solution drive 
calculations of the type that assumes infinitesimal drawdown.’ 
It is believed that this type of mechanism sufficiently well 
describes the rear boundary across which there is no flow of 
fluid. Since this type calculation excludes time as a variable. 


curves originating at the rear boundary may be begun at regu- 
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lar intervals. e.g. every 100 or 200 psi, and the elapsed time 
between curves, At, estimated and confirmed by the curve 
in question reaching a bottom hole pressure of 1000 psi. the 
open flow pressure. 

It will be recalled that C,/F is assumed to be a linear 
function of the radius r. This consideration more than any 
other determines the number of zones and frequency of points 
to be calculated on any given curve, for as the C,/F curve 
assumes a greater curvature near the well bore, a greater 
frequency of points is demanded to establish the curve. By 
the means described heretofore, the curve is calculated into 
a point near the well bore, e.g. in the reservoir in this study, 
in wr = 0.1 x 10° ft) (boundary = 125.7x 10°). In the short 
distance left through which the C,/F values change rapidly. 
advantage is taken of the fact that little additional contribu- 
tion of oil and gas is made from this zone and, essentially, the 
rate across the zone is constant so that the conventional type 
steady state condition describes this zone fairly well. This is 
called upon to calculate the bottom hole flowing pressure for 
the entire series of curves describing the transient history of 


the reservoir. 


NOMENCLATURE 


Symbols 


a Dimensional constant converting to system of units 
used in this analysis a = 0.001127 
] 
c Compressibility of saturated oil, ——— 
psi 
C Oil saturation, fraction of pore space 
C; Gas saturation, fraction of pore space 
Cc. Water saturation, fraction of pore space 
f Fractional porosity of rock 
bbls reservoir oil 
F Formation volume factor, oil, ——————-———— 
bbl residue oil 
h Thickness of reservoir, ft 
k Effective permeabiilty to oil or gas, millidarcies 
u Viscosity, centipoises 
p Pressure at radius r, lb per sq in. 
p Pressure difference over some distance indicated by 


subscripts 
q Flow rate of oil across radius r, residue bbl per day 
Q, Production of oil over a time interval t, —t, and from 
a zone as indicated by subscripts, residue bbl 
(,, Production of gas over a time interval t, —t, and from 
a zone as indicated by subscripts, standard cu ft 


I Radial distance to well bore center, ft 
p Gas conversion factor, SCF gas/bbl reservoir gas 
R Gas-oil ratio SCF gas/bb! residue oil 
S Solubility of gas in oil, SCF gas/bbl residue oil 
t Time since beginning production, days 
.t Difference in time, days 


Dimensionless Variables 


2rkhAp (here, k and u refer to oil and are equiva- 
Pp . . 
Us lent to k, and w, used in this paper) 
r r./ 1 
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{bbreviations 
Bbl Barrels 


SCF Standard cu ft of gas (Atmospheric pressure and 60°F ) 
STB Stock tank bbl of oil 
In, Natural logarithm = 2.303 x common logarithm 


Subscripts 

] Conditions at radius r = r, 

2 Conditions at radius r = r. 

i Initial conditions 

e Conditions at r = r,, boundary of reservoir 

w Conditions at r = r,., well bore 

s Conditions at p = p,, saturation pressure 

o Identifies as property of oil phase 

L_ Identifies as property of oil phase 

G Identifies as property of gas phase 

W Identifies as property of connate water 

a Conditions at time t = t, 

b Conditions at time t = t, 

M_ Refers to average gas-oil ratio calculated by material 
balance 

F Refers to average gas-oil ratio calculated by arithmetically 
averaging gas-oil ratios calculated by Darcy’s Law. 
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CORRECTION OF GAS VOLUMES FOR COMPRESSIBILITY 
AND TEMPERATURE fi 


ALBERT D. BROKAW, BROKAW, DIXON & McKEE, NEW YORK, N. Y. 


The accompanying charts are pre- FACTOR= _Y2x 320 
sented to extend and improve a chart 
published under the title “A Chart to 
Provide Approximate Correction for 
Temperatvre and Deviation from Boyle’s 
Law.” The. applicability of this earlier 
chart was limited by the fact that it 
was. based on the work of Burke and 
Keyes’ and Kvalnes and Gaddy’* whose 
experiments were conducted with pure 
methane, the adjustments suggested for 









yo 
h 


natural gases of higher specific gravity 
were unsatisfactory except within lim- 





ited ranges of temperatures and pres- 
sures, and precise interpolation was 


difficult. 


The extensive work of G. G. Brown, 
D. L. Katz and their associates on the 
heavier natural gases has provided bet- 
ter bases for the needed corrections, and 
the present charts, which are based 
largely on their work, are intended to 
simplify the computations involved. 


FIG 
TIC 


The design of the charts has been 
changed by plotting temperatures as a 
function of pressure and correction fac- 
tor,.on a semilogarithmic or “ratio” 
grid, which gives fairly even spacing of 
the graphs and simplifies interpolation. 
Charts have been prepared for natural 
gas with specific gravities of .60, .65, 
-70, .75 and .80. 

The standard computation for use in 
estimating the quantity of gas in a res- 
ervoir may be expressed as follows: 


g = PAX 520 x VR 
a ZT 








where: Q is the volume of gas at 
60°F and one atmosphere 





pressure Z 
PA is the absolute formation _—— sap Z500 re 
pressure in atmospheres ABSOLUTE , RSI. 
Oxiainad ; , . 
a ee eee ee! oo Pe Bucs. FIG. 1 — MULTIPLIERS FOR CORRECTING GAS-VOLUME CALCULATING (PV) FOR 
manuscript received July 8, 1949. - 
1 References given at end of paper. TEMPERATURE AND DEVIATION FROM BOYLE’S LAW (G—.60) 
FIC 
TIC 
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FIG. 2 — MULTIPLIERS FOR CORRECTING GAS-VOLUME CALCULA- 

TIONS (PV) FOR TEMPERATURE AND DEVIATION FROM BOYLE’S 
LAW (G> .65) 
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FIG. 4— MULTIPLIERS FOR CORRECTING GAS-VOLUME CALCULA- 
TIONS (PV) FOR TEMPERATURE AND DEVIATION FROM BOYLE’S 
LAW (G .75) 
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FIG. 3 — MULTIPLIERS FOR CORRECTING GAS-VOLUME CALCULA- 

TIONS (PV) FOR TEMPERATURE AND DEVIATION FROM BOYLE’S 
LAW (G= .70) 


oy 00 50k 





FACTOR == -}x-Sf2 





ABSOLUTE PRESSURE, PS/. 
FIG. 5 — MULTIPLIERS FOR CORRECTING GAS-VOLUME CALCULA- 
TIONS (PV) FOR TEMPERATURE AND DEVIATION FROM BOYLE’S 
LAW (G .80) 
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VR is the net effective reservoir 
volume 

T is the absolute temperature 

(Rankine) 

Z is the compressibility factor 

The correction Factor F, given by the 
520 

charts is F = FT and the equation 


above becomes: 
Q=PAXVRXF 


The charts are probably self ex- 
planatory but their use may be illus- 
trated as follows: 

Assume: Specific Gravity of gas .65 

Absolute Formation Pressure 2100 

psia 

Temperature 165°F 

Starting at 2100 psia on the axis of 
abscissas on the chart for G = .65 pro- 
ceed upward to a point halfway be- 
tween the 170° and 160° temperature 
lines, thence horizontally to the Factor 
column in the middle of the chart. 
where we may read, F. = .973. The 
probable error is very small compared 
to the errors attendant upon estimation 
of net effective reservoir volume. In or- 
der to illustrate the saving in time we 
may carry out the computation without 
use of the chart: 


Read from Chart' 
Pseudo Critical Temperature for 
G= 6 371°R 


250 
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Pseudo Critical Pressure 671 psia 
Calculate: 

Pseudo Reduced Temperature 

160 + 165 

—_——— = 1.68 

371 


Pseudo Reduced Pressure 
2100 
671 


Interpolate for Compressibility Fac- 
tor Z on Chart’ = .852 


Compute Factor: 


520 
einen st TT 
.852x (460 + 165) 
In view of the generalized relation- 
ship between pseudo critical pressures 
and temperatures and the specific grav- 
ity of natural gases, and the known 
deviation of values for individual gases 
from the plotted graphs there seems to 
be little basis for choice between the 
values obtained by the two methods. 
For gases differing in specific gravity 
from the bases of the charts not more 
than .01, results sufficiently accurate 


for use in reserve estimates may be 
obtained by using the prepared charts 
without correction. For intermediate 
specific gravities interpolation between 


the values of two charts may be desired. 


For gases much above .70 in specific 
gravity it is probably desirable to carry 
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AND TEMPERATURE 


out the routine computation because of 
the fairly wide divergence of pseudo 
critical temperature and pressure from 
the graphs cited. 

All of the necessary graphs may be 
found in an excellent chapter on esti- 
mation of gas reserves prepared by 
H. tt Spoor, Jr.' 


Houston Geological Society. 


and published by the 


It may not be out of place to inject a 
note of caution against basing estimate: 
of gas reserves for gas condensate wells 
on the composition or specific gravity 
of separator gas, as this will result in 
an over-estimate of recoverable gas. 
While the compressibility of reservoir 
gas in such fields is greater than that of 
the separator gas, the excess compressi- 
sufficient to offset the 
shrinkage due to condensation. 


bility is not 
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THE PERFORMANCE OF THE TEN SECTION OIL FIELD 


W. TEMPELAAR LIETZ, SHELL OIL COMPANY, INC., LOS ANGELES, CALIFORNIA 


INTRODUCTION 


The Ten Section oil field is located in the San Joaquin 
Valley in Kern County, California, about 12 miles southwest 
of Bakersfield in Township 30 South, Ranges 25 and 26 East. 
The accumulation is in a low relief anticlinal dome and has a 
productive area of approximately 2,200 acres. Discovered in 
1936 as a result of seismic work, it was the first field on the 
floor of the Valley to obtain production. It had a small pri- 
mary gas cap, and since its inception has been produced by 
depletion with controlled withdrawal from the gas cap to 


minimize blowthrough. 


STRUCTURE AND STRATIGRAPHY 


The Ten Section structure is an elongated anticlinal dome 
with flank dips of only about 7 degrees. A map of the field, 
now fully developed, and a composite log are shown in Figs. 
1 and 2. Contours shown on the map are on the top of the 
first zone, or Marker XA as indicated on the composite log. 

As shown, the field has a productive closure of only some 
350 feet, and there apparently is no faulting in the reservoir. 

The productive measures in Ten Section are of Upper 
Miocene age and are known as the Stevens sand. They contain 
thin, irregular shale or siltstone streaks which vary consid- 
erably in stratigraphic position and thickness and apparently 
are rather discontinuous. As a result, individual sands and 
shales cannot be correlated over any appreciable area, which 


makes it difficult to subdivide the sand body into separate 


Manuscript at office of Petroleum Branch October 14, 1948. Paper 
presented at Branch Fall Meeting in Los Angeles October 14, 1948. 
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zones which are distinct throughout the field. However, there 
are two fairly persistent siltstone bodies that at the time of 
development were considered to divide the productive measures 
into three general zones. 

The first, or uppermost zone is productive over the entire 
field and has an average thickness of 180 feet, of which some 
65 per cent is sand. It had a primary gas cap in the crestal 
area with an areal extent of 930 acres. The second zone has 
a productive area somewhat smaller than the first zone, but 
it did not have any original gas cap. It has an average thick- 
ness of about 360 feet, of which 55 per cent is sand. The third 
zone has a very limited areal extent and a maximum productive 
thickness of 100 feet, of which 80 per cent is sand. Recently, 
a deeper oil accumulation, termed the “53” sand, was dis- 
covered, but it is not discussed in this analysis. In the first 
and second zones the water table was at 7,980 feet subsea, 


while in the third zone it was at 8,080 feet subsea. 


RESERVOIR CHARACTERISTICS 


Sand Characteristics 

The Stevens sand in Ten Section is hard and well consoli- 
dated, and numerous wells were cored for core analysis. Core 
data on four representative wells are shown, plotted beside 
the electric logs in Figs. 3 to 6. The average poresity is 20 
per cent, with porosities ranging from 15 to 30 per cent. It is 
estimated, from cores taken with oil base muds, that the 
interstitial water content is about 40 per cent. The average 
weighted permeability is approximately 140, with measured 
permeabilities ranging from 10 to 3,000 md. As might be 


expected with practically no correlation of individual sand 
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layers over an appreciable area, there are no definite strati- 


graphic layers of high or low permeability. 


Physical Properties of Oil 


The oil produced from this reservoir originally had a gravity 


of 36° API and was produced with an initial gas-oil ratio of 


780 cu ft/bbl. PVT analyses have been carried out on several 
oil and gas samples, and data on the most representative well. 
58-20, are represented in Figs. 7 and 8. It appears in these 
analyses that the bubble point pressure of the reservoir crude 
was 2,920 psia. The bubble point pressures in the PVT 
analyses of other samples were all of the same order of 
magnitude. This is rather surprising, since the oil had been 
in contact with the gas cap in which the pressure before 
development was some 3,525 psi. The viscosity of the oil at 
subsurface temperature of 211°F and a pressure of 3,525 psia 


was 0.4 cp.” 
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RESERVOIR VOLUMES 


Initially, the Stevens sand in Ten Section contained 340.- 
000,000 barrels of reservoir oil, consisting of 240,000,000 bar- 
rels of tank oil combined with 190,000,000 Mcf of gas in 
solution. The gas cap originally had a reservoir pore space of 
60,000,000 
72,000,000 Mcf at standard conditions. 


barrels occupied by gas, which amounted to 


HISTORY 
The first well, 1-29, was completed June 2, 1936, to produce 
from the first zone. The initial production was 745 barrels of 
60° API gravity oil and 12,450 Mcf of gas. No bottom hole 
pressure was determined at the time of the completion; how- 
ever, from pressure data obtained after the well was recom- 
pleted on April 20, 1937, an original gas cap pressure of 


3,525 psia was indicated. In that period, a total of 222,000 








® 
—— T4 Oo 
Go 5-8 


45} CBS 





za tz? 


i %, 






G7? 776? 





| 
LEGEND 


@ 1ST ZONE 
@ 'st& 2ND ZONE 
(@ 2ND ZONE 

9 2ND & 3RD ZONE 
"JORIGINAL GAS CAP : 





ae 5 
00 8 ad 


2 A } 
@! 












ra @ re) 2) 
Ss 65 }75 
GSS 66 716 
GAS 
67 
(og 





Ree) 






r= o 





> = 47 


















TEN SECTION FIELD 


FIG. 1 — MAP OF TEN SECTION FIELD SHOWING CONTOURS ON ELECTRIC LOG MARKER XA 
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barrels of 60° gravity oil and 4,000,000 Mcf of gas was 
produced. 


The second well, 6-29*, was completed in October, 1936, in 
what was later found to be the third zone, and had a reservoir 


* The first number indicates the position of the well in the section on 
a 10-acre grid; the second number indicates the section. 
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pressure of 3,660 psia at the midpoint of the perforations. The 
third well, 34-29, completed in February, 1937, produced from 
the second zone and had an initial reservoir pressure of 3,500 


psia at the midpoint of the perforations. 


The next wells were drilled in 20-acre locations selected to 
establish the limits of the oil accumulation. After completion 
of the 20-acre development, it appeared that the first zone had 
an original gas cap as outlined in Fig. 1. Since the field was 
developed rapidly, the information on well performance at the 
time the 20-acre development was completed was limited, and 
no definite conclusions could be drawn about the productive 
character of the reservoir. However, the edge wells had not 
shown any signs of increasing cuts, and it was assumed tenta- 
tively that Ten Section was not producing under water drive 


conditions. 


\s mentioned before, the lack of correlation between streaks 
of siltstone left some uncertainty regarding the continuity of 
the separation between the zones. Also, because of the drilling 
costs of these comparatively deep wells, separate development 
of the three zones was not justified. As a result, wells were 
completed to produce four combinations of zones: (a) First- 
zone wells, located in a belt near the periphery of the oil 
accumulation; (b) Combination first and second-zone wells, 
located in the next belt upstructure and sufficiently down- 
structure from the gas cap to prevent an early blowthrough; 
(c) Second-zone wells located in the reservoir underlying 
the first-zone gas cap; and (d) Second and third-zone wells 
in the crestal area. 


RESERVOIR PERFORMANCE 
The 20-acre development was completed in March, 1941, 
and a critical review was made of the performance of the 
reservoir. At that time about 12.000,000 barrels of oil had 
been produced from the reservoir, and the average pressure 
had dropped to 3,080 psig. There were no indications of water 
drive, since none of the edge wells had shown an increase in 
water production, although the pressure in the edge wells 
had declined to about 3.080 psig. If any water-drive effect 
existed in these sands, it should have shown up in the edge 
wells. Moreover, a material balance calculation at that time 
indicated that practically no water had entered the oil 
reservoir. 
In addition to a material balance calculation, an analysis 
was made of the possible effect of changed rates upon the 
apparent productive character of the reservoir. 


It is a well known fact that the production characteristics 
of an oil reservoir often can be modified by changing the rate 
of withdrawal from the reservoir. Since (as a rule) recoveries 
obtained under water-drive conditions usually are higher than 
those under depletion conditions, an analysis was made for 
the Ten Section field. 

In exceptional cases, the waterbearing portion of a reservoi1 
may have an outside source of water supply, for instance, an 
outcrop. If no faults or other obstructions are present between 
this outcrop and the oil reservoir and if there is an ample 
supply of water. conditions are favorable for water-drive 
production. In other cases, the water supply will be a function 
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of the extent of the water reservoir and water inflow into the 
oil reservoir will be a result of liquid expansion caused by 
the drop in pressure in the waterbearing portion of the reser- 
voir. As a result thereof, the weight of the overburden will 
cause additional compression of the reservoir rock. This addi- 
tional compression will reduce the pore volume of the water 
bearing part of the reservoir and cause water to move from 
there into the oil bearing portion of the reservoir. Although 
this compression may be relatively small, the large volume of 
the water bearing portion of the reservoir may cause an 
appreciable additional inflow of water into the oil reservoir. 


If the rate of withdrawal from the oil wells is high, the 
pressure in the oil reservoir will be low and it will take time 
for this pressure drop to affect fully the waterbearing portion 
of the reservoir. Continued high rates of withdrawal will 
finally develop into the release of dissolved gas and further 
delay in the pressure adjustment. By adjusting the rate of oil 
withdrawal, this delay will be kept within a reasonable time 
and should result in improved recoveries. 


The effect of reduced rates can be calculated if the follow- 
ing factors are known: the sizes of the water and oil-bearing 
portions of the reservoir, the permeabilities to oil and water. 
the viscosities of the two liquids, and the original and present 
pressures in the oil reservoir. 


Although the size of the waterbearing reservoir can some- 
times be estimated from the regional subsurface maps of the 
area, there is still no assurance that there are no barriers. The 
size of the water reservoir contiguous with the oil reservoir 
can be found from material balance calculations and com- 
pressible flow equations. 


Such calculations, as indicated above, were carried out for 
the Ten Section reservoir, and it was found that the con- 
tiguous water reservoir is of about the same size as the oil 
reservoir. It is self-evident that the expansion of the water in 
such a small reservoir is not sufficient to replace the produc- 
ible oil. It can therefore be concluded that it is impossible 
to produce the Ten Section field under water-drive conditions 
by changing the rate of production. 


The major driving force in this reservoir, therefore, was 
gas, partly in solution and partly present as free gas in the 
gas cap in the first zone. In the first horizon there were three 
possible ways of producing: 


(a) Produce the wells under expansion of the gas cap. 
using the energy of the high pressure free gas as the main 
driving agent to move oil towards the wells. 


(b) Follow the procedure under (a) but keep the pressure 
of the gas cap constant by injection of gas. 


(c) Produce each well as an individual unit, draining its 
allocated area under depletion conditions. When adopting this 
system, production rates of individual wells have to be ad- 
justed at intervals to ensure equal pressure declines in the 
individual drainage areas, thereby preventing movement of 
fluid between drainage areas. 


Early in 1941, gas-oil ratios in several wells open in the 
first zone had increased considerably, while only a portion of 
the expected ultimate recoveries from those wells had been 
produced, as shown in the following table: 
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Gas-Oil Ratio 


Cu Ft/Bbl Cumulative Oil 











Well Original 3-1-41 3-1-41 
32-29 700 1000 218,000 
52-29 800 1100 32,500 
72-29 700 2300 234,500 
23-28 800 2400 121,000 
58-29 800 2500 205,500 
8-29 800 3200 135.500 
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At this time the pressure in the reservoir had declined to 
3,080 psig, which was about 175 psi above the bubble point 
pressure, indicating that the high gas-oil ratios were caused 
by blowthrough from the gas cap, probably in streaks of high 
permeability. Subsequent temperature surveys strongly indi- 
cated this interpretation to be correct. 

Under production by gas cap expansion (a) or pressure 
maintenance (b), it would be necessary to close in or repair 
the wells with excessive gas-oil ratios and produce the oil 
from the next downstructure line of wells. As a great number 
of wells were combination first and second-zone wells, each 
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well shut in would mean the loss of a drainage point in the 
second zone. Because of the irregular character of the shale 
bodies, repair would for all practical purposes mean shutting 
off the entire first zone. Following this procedure consistently 
would mean that after a short time only the wells completed 
solely in the first zone would be available to drain that zone. 
There are only two rows of first-zone wells on the south flank, 
three rows on the north flank, and a regular 20-acre develop- 
ment in the northwest end of the field. When the gas cap 
blew through in those single zone wells, repairs would be 


impossible because: 


(1) Temperature runs have shown that gas often enters 


through more than one interval. 


(2) Even in wells in which only one point of entry is 
observed, the irregularities in the shale bodies will permit 
vertical migration and a rapid blowthrough in other portions 
of the sand body. Further repairs are then practically impos- 
sible, and it would thereafter be necessary to close in the wells 
in order to prevent wastage of the gas in the gas cap. In the 
case of pressure maintenance, an ever-increasing size of the 
compressor plant would be necessary if the first-zone wells 
were kept on production. 

Summarizing, it appeared that as a result of reservoir char- 
acteristics, production by gas drive or pressure maintenance in 
the first horizon in Ten Section was not feasible; and after 
due consideration of all the factors involved, it was decided 
the first under depletion 


to produce the wells in zone 


conditions. 

In order to reduce the expansion of the size of the gas cap to 
a minimum, the rates of withdrawal of the blowthrough wells 
were set for pressure equilibrium throughout the first zone. 
It was realized that at no time should the pressure in the gas 
cap be lower than that in the oil belt in order to prevent 
encroachment of oil into the dry sand with subsequent loss of 
recovery. The pressure in the gas cap, therefore. was held 
some 70 psi above the average in the oil belt. 

In the second zone, no original gas cap was present, and 
the production problems in that horizon were different from 
those in the first zone. Consideration was given to producing 
this zone by depletion or as a pressure maintenance project 
by injecting gas into the horizon, attempting to keep the 
pressure close to the original pressure. Electric logs in the 
Ten Section wells showed the same irregularities in the second 
zone as observed in the first zone, and it was feared that 
blowthrough as observed in the first zone might be repeated 
if gas was injected. 

The third zone has only a limited extent, and production 
from this sand body is obtained through five wells which 


are also producing from the second zone. 


INTERSPACING 
In many cases, it has been observed that in a depletion 


reservoir, recovery efficiencies can be improved substantially 
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by reducing the spacing. There are no strict rules by which 
the extent of these improvements can be predicted; but the 
many irregularities observed in the Stevens sand made such 
an interspacing project attractive, and for that reason 10-acre 
wells were drilled in the central portion of the second horizon 
as shown in Fig. 1. 


In order to obtain full benefit from the closer spacing, rates 
of withdrawal from the individual wells were balanced to 


maintain pressure equilibrium throughout the field. 


The interspaced development of Ten Section was halted in 
August, 1942, because of Government regulations and in the 
next years the field was produced on the basis of the principles 
laid down above. Fig. 9 is a graphical representation of the 
reservoir performance. It will be noted that the rate of with- 
drawal was increased considerably during the period August, 
1942, to March, 1943, owing to war requirements. In that 
period the gas-oil ratio increased from 1,900 to 2,500 for a 
cumulative production of about 4,000,000 barrels. A continua- 
tion of such a high rate might have had a detrimental effect 
upon the ultimate recovery from the reservoir, and in the next 
month the rate was reduced to 18,000 bbl/day. In the next 
two years further reductions brought the rate down to 12,000 
bbl/day, but gas-oil ratios kept increasing, although in the 
period July 1, 1944, to January 1, 1945, it was fairly constant 
at 4,000 cu ft/bbl. The gas-oil ratio reached a maximum of 
4,800 cu ft/bbl in September, 1945. Thereafter, the rate was 
reduced to 9,000 bbl/day, after which the gas-oil ratio started 
a downward trend which has continued to the present time. 
In January, 1949, the oil rate was 6,000 bbl/day with a gas- 
oil ratio of 3,700 cu ft/bbl. 


COMPARISON WITH CANAL FIELD 


At the time of the completion of the 20-acre development, 
a pressure maintenance project had been started in the Canal 
field, a field situated close to Ten Section and producing from 
the Stevens sand. In order to obtain a basis for comparison, 
it was decided to observe the performance of the Canal field 
under pressure maintenance and produce the second zone in 
Ten Section as a depletion or internal gas-drive reservoir. If 
the experience in Canal indicated that pressure maintenance 
would lead to increased recoveries, gas injection in the second 
zone could still be applied at an early date. 


In the April, 1946, Spring Meeting of the API, Pacific Coast 
District, R. P. Mangold presented a paper entitled Canal Field 
Gas Injection Project, in which he discussed the performance 
of that field under pressure maintenance. It was clearly dem- 
onstrated that (1) after 214 years of gas injection in two 
crestal wells, serious blowthrough occurred in wells within a 
distance of 2,000 ft and that this blowthrough was concen- 
trated in a small portion of the zone open in the wells; these 
portions were located at different depths in different wells but 
mostly at the top of the zone; (2) wells more than 2,000 ft 
distant from the injection wells experienced very little blow- 
through and were pumping at nominal rates; (3) in the wells 
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in which blowthrough had been observed, pressure readings 
after 24 hours shut-in built up to about equal values through- 
out the central area of the field; and (4) after 214 years of 
gas injection into two crestal wells, one injection well was 
closed in and the full quantity was injected in one well, while 
the other was closed in; the wells surrounding the latter 
showed a rapid pressure decline of the order of 400 psi in 
6 months’ time, in which period comparatively little oil was 
withdrawn from that area. Although it was still too early 
to draw definite conclusions, Mangold felt that very little, if 
any movement of oil to downstructure wells could be observed. 


Subsequent to Mangold’s report, a well was recompleted by 
pulling the shop-perforated liner and cementing a blank liner 
in the productive interval. This liner was gun-perforated in 
four sections and each section was tested separately. These 
tests showed that gas was entering mainly through the upper 
15 ft of the sand which confirmed the results of a temperature 
survey run before the repair. In the other three sections very 
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little production was obtained, and there were no signs of 
any blowthrough. Apparently in the lower three-quarters of 
the zone there was no direct connection with the injection 
well, in which for several years the pressure had been main- 
tained at least 500 psi above the operating pressure in the 
repaired well. 

At the present time, pressures in the wells surrounding the 
closed-in injection well have declined to values which could 
reasonably have been expected if no pressure maintenance had 
been applied; and the effect of the gas injection, if any, would 
seem to be small. 

Because of the close similarity of the productive measures 
in Ten Section and Canal, serious blowthrough probably would 
have been experienced in Ten Section if the field had been 
produced under pressure maintenance. 

Recent Ten Section material balance calculations for the 
field and also for individual wells and drainage areas showed 


the following: 
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(a) As of 1-1-48 the net inflow of water into the oil reser- 
voir is zero for all practical purposes. 

(b) A considerable migration of gas from the gas cap. 

(c) An appreciable inflow of gas into the oil-bearing por- 
tion of the first zone and into the second zone. 

Gas-oil ratios in several of the second-zone wells have in- 
creased appreciably; and the distribution of high and medium 
gas-oil ratio wells in this zone is not directly related to their 
structural positions, thereby indicating that gas cap gas is 
entering into the second zone through discontinuities in the 


separating shale. 


CONCLUSIONS 
This study of the Ten Section field has lead to the following 
conclusions. 
(1) Thé Ten Section field has been produced primarily as 
a depletion-type reservoir. Calculations have shown that the 
amount of water available in the contiguous reservoir is too 
small to permit producing this field as a natural water-drive 


reservoir. 
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(2) Consideration has been given repeatedly to pressure 
maintenance by gas injection. Because of the flat structure and 
the large variations in permeability, it appears that this would 
not be feasible. This conclusion is further supported by the 
performance of the Canal field, in which gas has been injected 
since 1941, 

(3) Production by expansion of the gas cap was also re- 
jected because early blowthrough had been experienced in 
wells near the gas cap; and if this had been allowed to expand 
further downstructure, control of the gas cap pressure would 
have required either repair or shut-in of the combination 
zone wells. 

These conclusions should not be construed to condemn gas 
injection in Ten Section in the future as a possible means of 


secondary recovery. 
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